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fs FOR STAINLESS WELDING 

2 
a Use Arcos electrodes and be sure; twenty- 
lag eight analyses ...an electrode for every 
} aa 
bea weldable stainless alloy. 4 
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Welding for Impact Loading in 
Airplane Structures 


By Nairne F. Ward 


Summary | -UxTEmsion 
>| be Sitioricas 
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PROCEDURE was sought which effectively ut ; jf # ; }. » ‘ensewe 
lizes welding for landing gear parts with a mini i 1 : a 
mum of especially shaped materials of accepted EI >| 
quality Che evaluation of forces acting upon the welded os — | 
strut in the essential requirements for stress determina oy Or ie ss lll mi 
tion under test, is shown. Butt and angle welds ar: 
lescribed in accordance with special requirements of this 
lesigi Che steel, selected for the welded struc ture, was \) VN \ 
S. A. E. X-4130 and was heat treated to develop optimum v~ 
trength in tension and bending. The investigatio Fig. 2a ’ Fig. 26 
demonstrates the need of controlling the weld depo 
with proper joint design and welding procedure to obtaii 
weld properties of maximum strength in a given structural The investigat report " a 
unit rhe paper discusses a method of drop testing a taken to insure a structure for a la gear which lett 
landing gear which is equally applicable to structures sub- "0 question as to the magnitude load permissible, yet 
jected to impact with due consideratio1 I ¢ I t f metal 
ind processes wit] t saci 
ited before Western Metal Congr as 2 Mav 1 
Professor of Mechanical Engineering | 
kel ting Lecturer of Metallur Boei ho Aer 
The Structure 
L hie lal d s ». * I trl { 
i the oleo cy] ler, i¢ ( i ‘ 
ind axle on which was tl ‘ 
in. heavy duty tire Che land issemnb ‘ 
fastened 1 the testit yg 1 { ‘ nount 
sail ties the wing The yoke was fabricated from flat stock 
S. A. E. X-4130; first bent to form a 90° angle betwe« 
sides, and second, bent in a jig to form the curvature 
the shape of Fig. | In a , weld seams on opposit 
orners were deposited in semi-elliptical groove whi 


were form mulled, instead of the usual V-grooves formed 
at the juncture in Fig. 2 (@) rather than in | : 
From static tension tests it was found that welds de 


posited according to Fig. 2 (a) in flat specimens were at 

j least 10% better in strength th ( to Fi ; 

without heat treatment, and as high as 40°, better for 

sete" heat-treated welds, when made according to the sam 
' procedure control. Each weld was deposited with 


neutral oxvacetvlene gas fl 


















using No. 25 tip size for closure of the root seam and tw 
= additional passes with N« » tip é t all time with 
minimum sparking in the welding Explanation for the 
improved quality of welds by this pr dure will be ver 
e | fied in a later section of the paper 
Fig. 1—Landing Gear Yoke Welding in the curved sean tal 











Table 1—Static Tension Test Results 


Yield Stress, * Ultimate Elongation, Rockwell H 
Condition Lb. per Sq. In. Stress % in 2 In Parent 
Original as received 93,000 121,000 17'/; e 
Original as heat treated. Quench in oil from 
1700° F., draw 770° F 150,000 174,500 10 C_32 
415° notch weld, untreated 82,000 95,500 15 C.41 
Semi-elliptical notch weld, untreated 90,000 104,000 11 €*.13 
45° notch weld, heat treated as above 75,000 87,500 10 C.3] 
Semi-elliptical notch weld, heat treated as above 105,000 120,000 gl/, C.39 


907 
( 


* Yield point stress was determined at 0.2 


Fig. A~—In Weld of Un- 

heat-Treated S.A.E. X- 

4130 Steel. Mag. 390X 
5% Nital Etch 


sign, was accomplished in a semi-covered jig of corre 
sponding shape, exposing the seams at their weldable 
edges. Welds were deposited in three successive passes 
as previously mentioned for four running welds, starting 
at X, Fig. 1, and upon completion to point Y, Fig. 1. 
The remainder of the four seams were welded in the same 
manner on the seam opposite X and to a point opposite 
to point Y in three passes. This procedure compensated 
for possible distortion. The total seam was completed 
from Z to X, and the final weld placed opposite point X 
to position Z. Each weld was subjected to reheating at 
a dull red heat upon its completion and allowed to cool 
slowly in air, followed by heat treatment of complete 
section to develop optimum strength. 


Test of Coupon Welds 


Specimen welds were used to establish the best tech- 
nique for depositing the weld for each type of groove. 
A series of weld coupons were prepared from flat stock 
according to the aforementioned procedure. One series 
was made with 45° V-groove simulating the joint natur- 
ally existing with slight scarfing of the plate, Fig. 2 (6). 
Another series was welded with the same procedure con 





of total elongation in accordance with Federal Specification QQ-M-ldla 


Fig.B —In Transition Zone 

of S.A.E. X-4130 Steel 

Not Heat Treated. Mag 
390X Nital Etch 


trol but with weld grooves, semi-elliptical in shape, with 
minor axis, Fig. 2 (a), 10% less than one half the major 
axis. The increase of 10% provides for the extension of 
the outermost fibers at the surface of the weld, equivalent 
to the elongation experienced in heat-treated weld speci 
mens under tensile stress. {Che resulting distribution of 
stress in the weld, either due to shrinkage upon cooling 
or under stress or a combination of effects, approaches 
the uniform condition of the weld deposit of circular cross 
section, demonstrable by an equivalent rubber model of 
the joint. 


Physical properties of the types of welds are given in 
the Table 1 for an average of three specimens, except 
the original S. A. E. X-4130. The thickness of each 
specimen was the same and equal to 0.1563 in., while 
retaining the bead reinforcement. The heat-treated 
welds varied from the best to the lowest within each group 
within 5% of the ultimate strength. Similar welds made 
with the direct current, open arc and coated electrodes 
developed a maximum strength of 85,000 Ib. per sq. in 
and were not given further consideration because this 
represented the optimum of several techniques, lor 
multiple bead are welds, after heat treatment 


Possible causes of variations encountered in stat 





l In Weld 2 In Transition Zone } Parent Metal 


Fig. C—Photomicrographs of Heat Treated S.A.E. X-4130 Steel with 45° Notch Welds. Mag. 390X. Nital Etch 
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Fig. D—Photomicrographs of Heat Treated S.A.} 


tests were investigated by photomicrographi Forward in the landing ge 

study of 45° notch welds and semi-elliptical notch welds provision was made for loa 

[he original microstructures for the specimens as welded 

without heat treatment, appear in Fig. A and the weld 
netal as deposited in Fig. B. 

Photomicrographs of the two types of weld groov 


weights were so distributed 
wheel landing gear assembl\ 
is the load apportioned lor a 


i 


lis 


appear in Fig. C for 45° notch welds and Fig. D for semi sembly was found to be in the 


ellipitical welds. 
contamination were not revealed as differing materially 
in the two types of welds or the accompanying groove 
shape. The absence of adverse evidence from the stand 
point of metallic composition gives sufficient basis for 
attributing the more favorable properties of the semi 
elliptical groove weld to adjustment of stress due to 


drop ot 25.4 1n., 


of advance of the gear, Fig 
mounted directly above the 


SC ( ond 


ment of ! 


shrinkage or to external loading or their combination With the view of obtainin; 


within the confines of the weld deposit and affected areas 


minimum damping which w; 


Variation of grain size, fusion defects, tion, by preliminary tests wit] 


X-4130 Steel with Semi-Elliptical Notch Weld Mag 


landing position Che critical 


which is equi 
ment in line of strut stem, whet 


4,90 Nital Etch 

f the test rig 
lead weights Lhe 
ti DOS the singh 
the load of 1375 Ib. which 
gle wh three-point 
id the strut a 

three-p landing pe 
accelerometer for the 
ilent t di place 
corrected for the angl 
The accelerometer wa 
trut and had econd 
wit! the legal require 

more pecific value 


by the Boeing School of Aeror 


Che recording unit consists o 


Drop Test of Assembled Gear 


svnchronously, two revolution 


\ series of drop tests of the completed strut, including 
the welded yoke, Fig. 1, were conducted at or near in 


drum, and actuated by two1 
duced stresses approaching design stress 

\ test jig was used, consisting of two 10-in. channels, 
lattice-braced and hinged to simulate level and three 
point landing positions of the equivalent airplane. On 
he end of the jig, opposite to the hinge, the landing gear 
assembly was mounted as in service and is shown it 


Fig 


ly ? record 


fastened to the top of the 
voke near the axl Che cur 


is actuated, are separated | 
tween the pins of attachme: 


Added to this reco 


SAIDLE 
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ACCELEROMETER 5) 
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15-583 Assy 
LANDING GEAR 


Fig. }—Drop-Test Jig 
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mechanism during the drop test: 


load intensities, a recording unit wa 
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in the oleo unit finally reach their separate stati 
tions, which are shown by the horizontal lines in Fi; 
The importance of this test is, mainly, to determine th, 
maximum load applied to the strut yoke. The 
mination is made from a combination of graphical 
ferentiations of the strut displacement-time curve, Fig. 5 
which yields the velocity of the strut, Fig. 6 Further 
graphical differentiation of the positive velocity cury 






































Fig. 6, produces the acceleration of the strut 
T | TTT 
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Fig. E—Test Rig Showing High Speed Recorder and Landing Gear + ESF SrIVEsSREe: SERA E 
Ready for Drop Test - | | | IN | 
z? - 5 On oe ee | + + T > ne { + t 
: :, . ren rity iT NG 
e of the strut voke which has been corrected for the *}—+--+- 4 be + : toed sp + | 
gle (8), Fig. 3, for approximately half of the time of §,] ||| |) Uy) ean | a 
scent of the load or until the strut velocity approached 3 Jiri diddd 
" ne ¥ | | | 
For the test, shown in Fig. t, the accelerometer 3 ee et os +t +} 
gistered 6.5xg which, if the velocity curve is evaluated, ; | | | | NP Na44h)- 
Ss approximated between points a and 6 in Fig. 4. For t-te Ft Pett +5 
xximum velocity the strut displacement curve may be “Py eas 
seen to have several reverse loops in it due to combined ° sseeu | | hy | } | } 
ffects of tire bounce and inertia in the recording mech BEGE 
ism. However, if the combined results on this ”* PTT TT TT et 
record are averaged, the trend in the displacement-time biti iii tilt Ks | 
. ° ° | % » 
urve, and velocity derived therefrom, approximates the iio 
simple harmonic motion of the jig in Fig. 5. TTT ITIL Tt t saan | 
Not shown in Fig. 4 are the harmonics of higher order —_ se Bee se eke el 
. : ° “% = Time i~ SECONDS 
iccompanying the combined damping effect of the several ye. 4 
. ° . . ‘ig. 
jig parts, since their resulting magnitude is less than the 
maximum intensity of the first drop. Successive minor descent in the test. When the corresponding velociti 
iccelerations attending tire bounce and consequent re and accelerations are correlated by each drop test 
bound of the apparatus impose loads of decreasing in results, shown in Fig. 7 are obtained. 
tensity and less than critical value rhe tire and spring Successive drop tests were taken varying frot 
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total resistance 
constant for static friction and inertia 
onstant for elastic fluids uir, tire 





constant tor viscous Tow Mi in oleo pri 
cipally 


velocity of Strut in feet pet second 






and d» are determined from simultaneous equatio1 


‘ 


or successive points on curves similar to Fig. « Phi 


? 


equation for 6.5xg acceleration reduces to 





4 R 1070 + 9530 + 33.7 
Fi Che maximum velocity attained in this particular t 
§ was 8.5 ft. /sec Che force. absorbed by virtue ol the 
37 fact, the load was transmitted through the strut yoke and 
fe ixle to the tire, Fig. / Chis amounts to, within the 
veccuracy of the graphical method, 8100 Ib., which cor 
an pares with the design load component of 6522 along the 
/. Photograph by Courtesy of Boeing Sch leronan line of action of the strut and the point of contact of the 
tire Inspectio revealed no evidence ot overstressing 
All ‘ Fig. F—Drop Test in Action. Note Symmetry of Tire Deformation n either original or parent met il 
a \ similar procedure was used for 9.2xg acceleratio 
: accelerations to and including 7.4xg acceleration accord luring which the maximum velocity was [2 ft. pet 
ing to the accelerometer. Inadvertently, one drop di second From equation of curve lig 
veloped an acceleration 9.2xg without producing mea O70 + 776.4v + 19.2 


surable permanent set in the welded yoke, or axle 


¢ = - - ; - © ae se j : . . sat | yal 
iH For a series of three drop tests with G As 6.5x¢ and i¢ naxinu oad withi the accurat ot the graph Ll 














. . } | ‘ 1) nT , r wit! he desig oad 
(}.6xg, nominal accelerations, the velocity curve was dete method, was 9315 Ib. in comparison with the design load 
. “ . " , [99 1 }, t er ly vide! ot 1 | : 
mined from the average displacement-time curve, Fig. 5 16022 1b. This test showed no evidence of weakness 1 
mar and the acceleration of the strut from velocity curve either original or parent metal Uh lagnitude of 
Fig. 6 [he corresponding accelerations and velocities icceleratior were considered ample iservati 
ian ee ae ; thi ; a well a a? lnads in ti 
; are combined in Fig. 7, from which the equivalent forces peration of this airplane, and producing loads in ¢ 
is computed from the relation nang gear W he | t erat 
| } if Acknowledgment 
J x acceleratiol 
| Recognit f responsibil for the esign ol 
landing gear is given Mr. J. W. 1 rp of the Boein, 
where I] weight in pounds and g ts acceleration due to School of Aeronautics Che wel pecime! und = the 
gravity The weight of the strut yoke, axle, tire an welding of the landing gear was the work of Mr. H. R 
rim, amounting to 59.95 Ib. has been deducted fron Brentlinger, Head of the Maintenance Department of the 
the load of 1375 Ib. in all of these calculations Boeing School of Aeronautics Che test were mat 
lhe curve for 6.5xg average of nominal acceleratior possible by the combined facilities of the Boeing School 
appearing in Fig. 7, 18 very closely ipproximated b the t Aeronauti Oakland. Californi the Universit 
equation {f California at Berkel 
OP OOP wo, = _ 
' NR RRR RR RRR NN Rann Nn EE Ee 
, ) 
‘ 
‘ 4 
‘ 
> * alve ‘ 
] > 
] 
- — , 
7 __ The 194] edition of the Handbook will appear late in 194] rders must be accompanied by check. N , 
1200 pages brimful of useful information on welding in all be allowed to booksellers from the above price ; 
its phases. Each subject will be covered by a committee of Senmestant Bettes! ? 
recognized authorities. The new Handbook will be com poor wae 2 
pletely revised, brought up-to-date. Every bit of information egular price to non-members after August 31, 194 i 
‘ in this Handbook will be authentic. The authors selected $6.00 } 
to write the various chapters are outstanding technical and The price of the first copy of this book to members wher 2 
‘ practical men in their fields. issued will be -$4.00 to members in the Associate, Oy ; 
‘ Prepublication price—$4.00—to members and nor erating and Student grades > 
members if ordered on or before August 31, 1941 Free to members in the Sustaining and Memb , 
f Inasmuch as the purpose of this prepublication offer is t Additional copies to all members $5.0 2 
‘ provide the Society with funds for publishing the book, a It pays to take advantage of the prepu! ition offer 
) ] 
, 
; 
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All Welded Ships 


By L. W. Delhit and M. N. Maltsefft 


TY HEN, late in 1939, the Western Pipe and Steel 
/ Company of California was awarded a contract 
to construct five C-1B Diesel powered cargo 


the United States Maritime Commission, it 
was necessary, due to the fact that no ships of this size 
had been constructed or detailed for welded construc 
ti that we secure the services of experienced Naval 
Architects who were in sympathy with, and experienced 

welded hull design, and immediately come to a de 
cision as to the percentage of the work that was to be 
welded, and the design and details of that welded work. 

After consultation with members of the United States 
Maritime Commission it was decided to employ Mr. 
George G. Sharp's organization as they had had recent 
experience in detailing an “‘All Welded”’ hull, and were 
in agreement with the United States Maritime Com 
mission, who unqualifiedly approved welding for every 
detail of the construction that the Western Pipe and 
Steel Company chose to make welded. 

Therefore, because of the confidence expressed in 
welding by the United States Maritime Commission, 
the American Bureau of Shipping and Mr. George G. 
Sharp's organization, we chose, after a very brief con 
sultation, to go ‘All Welded,’’ using no rivets any place 
in the ship, and departing as much as conditions per 
mitted from the practice of using a riveted design and 
merely substituting welding for riveting. This de 
parture involved the use of angle sections or bent plates 
instead of channels, and eliminated buttstraps and lap 
joints. Time was too short to develop the use of alloy 
steel or higher tensile-strength steel in the design of the 
hull, therefore complete advantage has not been taken 
of the savings possible in an ‘All Welded” hull. 

The decision to go “All Welded” being made, it was 
necessary to immediately consider the factors or prob 
lems that would confront us in our efforts to take full 
advantage of the possible benefits in going ‘‘ All Welded.’ 


tor 
me] ai 


* Presented at Western Metal Congres held in Los Angeles, Calif May 
19 to 23, 1941 
t Vice-President, Western Pipe and Steel Co., San Francisco 


t Welding Engineer Steel 


Western Pips 


and Co., San Francisco 
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Preliminary examination developed seven factors we 
believed advantageous to the welding of the hulls, 
only from the point of view of the shipbuilder, but als 
of the owners; and also six factors concerning the desig 
detail of certain particular parts of the hull that w 
believed should be subjected to considerable analy 
and study to fully develop the benefits of welding, a: 
this paper will have to do only with those factors that 
we feel are of special interest to the ‘Welding Fraternity 
and is not presumed to be a treatise on ship building 

The first seven factors were: 1. Saving in Weight 
Practical welders and theorists, alike, agree that roll 
symmetrical sections are ideal for designing welded « 
struction, and in the design room T-Bars cut from 
I-Beams or rolled in sections are usually embodied 
however, when the material lists are sent to the mills 
it is invariably found that the sections required are not 
available—at least, not in time to be of any use to the 
shipbuilder—so that the latter has to resort to building 
up the required section, or to use an inverted angle (or 1 
a larger section is required, a channel with one flang 
burned off). This situation has been going on ever sinct 
welded construction became the vogue with shipbuilders 
with advanced outlook, and although the large steel 
producers have been approached with a view to 
operating with the shipbuilding industry in order to put 
in rolls for a range of symmetrical rolled sections, 
action has yet been taken by them. It may be that 
present world conditions, creating a condition of may 
mum capacity production in the steel mills, is the rea! 
cause for this apparent lack of cooperation; and w: 
must, therefore, look to the future in the hope that the 
steel manufacturers will be able to produce symmetrical 
sections which will result in better welded constructio! 
design. As an example of the above: Using invert 
angles instead of bulb angles, or channels, permits lighter 
for frames, bulkhead stiffeners and simular 
structural members. For instance: A 4 inch x 3 inch 
9.8 Ib. inverted angle is equivalent to a 6 inch x 3 inch » 
11.7 lb. bulb angle; and a 10 inch x 4inch x 17.9 lb. invert 


sections 
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Fig. 2 
flanged plate is equivalent to a 9 inch x 3.45 x 23.9 Ib 
channel 
2. Less Skin Friction.—The elimination of outside 


} 


laps, buttstraps and rivet heads facilitates the painting 

d cleaning of the hull and tends to reduce frictional 
and it is estimated that, where the total 
propulsional resistance is 52,800 lIb., the friction 
amounts to 19,536 lb. and the resistance of butts, plate 
edges and rivet heads would be approximately 3% of 
the latter, or 586 lb. Translated into speed, the 
figures indicate the speed of the “All Welded”’ ship under 
discussion would be increased approximately 0.06 of a 
knot over that of an ‘“‘All Riveted’’ ship 

3. Less Detailing and Mold Loft Work.—The elimina 
tion of rivet holes, and the use of panel assemblies, 
reduces the labor involved in developing detailed hull 
drawings by a considerable amount, and shortens the 
drafting time by some few thousand man-hours. It als 
reduces direct labor in marking off plates in the shop by 
more than one-third, as many panels of decks and bulk 


resistance, 


SKIN 


above 





Fig. 3 


ALL WELDED SHIPS 





heads do not require patterns for each plate; in fact, 
many panels are dimensioned on the welding jigs by 
pegs or measurements instead of by pattern. Conse 
quently, the mold loft labor and pattern materials are 
likewise greatly reduced. 

4. Less Shop Fabrication.—It is that the 
elimination of rivet holes, buttstraps, joggled plate edges 
and liners greatly reduces the machine-hours and man 
hours required for punching and other operations neces 
sitated by riveted work. In fact, only the bilge strakes 
which go through the rolls, and approximately thirty 
additional shell plates that require rolling and forming 
under the press, go to any fabricating machine; over 
95% of the plates go directly from the plate rack to the 
planer or the burning table after being marked off 

As to the hanging gy, reaming, 
riveting and caulking on a riveted hull, compared to the 
cost of hanging plates, tacking and welding on an “‘All 


obvious 


cost ol plates, boltin 





Welded” hull, we are not prepared at this time to present 
figures or even offer an opinion 
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5. Fewer Crane Lift Che work of preassembling 


the double bottom sections, decks a1 
ing about 147 
the shipways, 


bulkheads, total 
subunits, can be done elsewhere than on 
which greatly reduc the 


thi hit 


amount ol 
Sery ice 





crane required at p e, the man-hours 
aboard ship and, consequently, proportionately decreases 
the confusion and shortens the erection schedule \ 
comfortable schedule on at All Welds C-1B type of 
hull from keel laying to launchins SO to 85 working 
days, doing much welding on the secor hift and rm 
catch-up welding on the third shift 

6. Les Plant and Erection |! é An All 
Welded’”’ hull can be almost entirely fabricated in the 
shop with an angle shear, plate shear, pri rolls, plate 
bender, and burning and welding equipment, eliminating 
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irilling, reaming and countersinking equip 
4 Ss 


‘onsiderable forge equipment and compressor 


equipment, exclusive of cranes, consists of 


proximately 100 welding units per hull together with 


ecessary burning equipment and fitting-up devices 
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fitting and welding crews. 


More Strength and Cleaner Lines. 


any good hand or 


automatic 
rmally develop a 100% joint, whereas the efficiency 


It is acknowl- 
weld will 


veted butt joint in ship construction is usually 80 


st 


sc 


and the efficiency of the riveted lap joint on 


vontal seam is frequently under 70%. 


lesigning the hull for the C-1B type of cargo vessel, 


1 States Maritime Commission effected a con 
refinement of the molded lines, reducing the 
efficient from an approximate 0.S0 for compar 



















Fig. 6 


able ships built in our yard during the first World War 
to an approximate 0.67 in the new ships. The finer 
lines of the ship (see Fig. 1) plus the butt welding of al 
seams, adds greatly to the beauty and shape of the hull 
and likewise permits a substantial increase of speed o 
the old design (see Figs. 2 and 3). 

Such fineness of lines, however, added somewhat t 
the cost of erection at first as the problem of hanging 
tacking and fairing up of the formed plates for welding 
required the development of special clips and devices for 
pulling in the plates, and particularly the training o! 
shipfitters who had never handled any but riveted plates 
before. It took a goodly amount of effort and patience to 
train the leading men and shipfitters to properly handk 
these plates having no holes for bolting up purposes. 

The second group of six factors of particular interest t 
the Welding Fraternity were: 
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Design of double bottom, sides and deck connec 


9. Adaption of welding to Diesel engine foundations 
Welding sequence to prevent shrinkage and locked 
ip stresses 
Expansion joints and their function 
Method of Welding Stern Castings and adjacent 
frames and floors to prevent lifting 
Method of welding light plates in superstructure 


1. Design of Double Bottom, Sides and Deck Conne. 

Yn Figure 4 shows the details of a typical midship 
section developed with the idea of having the simplest 
D ssible design to facilitate the erection, fitting and 
welding of the hull. Detail A indicates the transverse 

uble bottom framing adopted in general throughout 
the ship in order to eliminate as much weight as possibl 
nly every fifth frame is solid. In many instances in the 
nast solid floors with lightening holes cut therein have 
heen used, and these have been somewhat awkward for 
the fitting and welding of the longitudinal girders, 
floors and other welded connections. The adoption of 
open framing not only saved considerable weight, but 
illowed ingress and egress for the welders to more satis 
factorily prosecute their work. 

The double bottom consists of 16 sections, 60 feet wide 
at the midship section, tapering rather finely forward 
and aft, and somewhat more than 25 feet long. Each 
louble bottom section was fitted together and welded 
as much as possible in the shop, in sections half the 
width of the ship, and having a maximum weight of 14 
tons. In each case, the structural frames were as 
sembled in jigs in the structural shop and hand welded, 
then transported to the assembly floor in the main shop 
where the complete double bottom was assembled on 
a series of fitting-up jigs (see Fig. 5) consisting of rather 
heavy I-beams imbedded in concrete in the floor of the 
shop, and so spaced and leveled as to permit of the fitting 
up and automatic welding of all the panels of plates 
from two sides, using a tractor type automatic welding 
machine. The inner bottom frames were then properly 
spaced on the panels, and the double bottom sections 
were fitted and welded before transporting to the ship 
ways (see Fig. 6) for the final erection. 

Detail B (Fig. 4) shows an interesting development in 
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ding side trames to the mar plate and shell plates 
] +} 1_] ] 
! ls instance, as well as 1 he welding ot the double 
bottom sections, full recognition wa iven to the efh 
ney of a welded joint. Note that the frame consists of 
ngle section, the flange of the channel section re 
quired for riveting having been eliminated, and the bas« 
frame is welded directly to the margin plate with 
benefit of clips or other reinforcing except the knee 
shown For erecting purposes, the frames were 


yaced on an assembly table alongside the hip and two 
or four plates were tack welded together and to the 
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STERN FRAME CASTING 


Fig. 12 


frames, after which the entire assembly was lifted into 
place. 

Details C show the frame and deck connections at the 
third, second and main decks. In each instance the 
side frames were cut to the proper length to fit between 
decks, and the deck panels were laid directly upon the 
frames; the frames were then welded solidly top and 
bottom to the decks, again with no reinforcing or clips 
except the brackets shown which attach to the deck 
beams and girders. The use of this particular detail for 
welded design provides, if desired, for a reduction in the 
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size of the frames between the third and secon 
and again between the second and main decks. N 
is weight saved by cutting the frames and ch 
sizes, but it is believed that resting of the deck | 
top of the erected frames facilitates the erect 
fairing up of the hull. 

2.—Figure 7 is a cross section through the 
engine foundations and is probably the most comy 
part of the hull requiring welding control whil 
erected (see Fig. 8). The foundation is an integ 
of the double bottom, measuring forty-five feet in 
nearly nineteen feet in width and nine feet in 
and weighs, in place, more than sixty tons. It r 
more than four tons of welding rod to complet: 
foundations. These foundations provide a seati: 
two 2200 hp., Diesel engines and a reduction gear 
aiter welding, must be fitted and ground to a tole: 
of 0.001 inch. It can be readily understood that 
distortion or deviation from dimensions is permissib| 

A brief study of Fig. 7 will show the complexit 
that portion of the foundation below the tank top 
the manner in which the double bottom floors conn 
and disclose the many intricate corners and conn 
to be welded. In order to visualize the structur: 
completed state and to be certain that no point was 
looked in the development of a method and sequen 
welding, it was necessary to build a small-scale mo 
which every detail was reproduced. This model 
invaluable to the foremen and welders in working 
their problems, particularly regarding the ‘Bala: 
‘Welding,’ and establishing the number of welders 
quired to time the completion of the work to a 
point. 

This structure is subjected to considerable vibrat 
and, with the complex welding involved, it was imper 
tive that every possible means be exerted to elimi 
all possible locked-up stregses. In several instance 
was necessary to make full-sized celluloid mod: 
joints and study the distribution of stresses wit 
polariscope, which resulted in the re-design of 
joints or change in the method of welding same. 

Practically all of the ome in the foundation structur 
were of the star type (see Fig. 9), which added material! 
in carrying out balanced ea ling, working two — 
in opposite corners of the joint. Very few parts of tl 
foundation were tacked securely together. Practically 
all of them were assembled in such a manner that they 
were able to move in relation to each other and the wel 
ing was always progressing toward the free end, or the 
part of the structure which was free to move. Each 
floor or frame was completely welded athwartship, wor! 
ing the welders in pairs on opposite sides (against eacl 
other) before moving to the next floor. At certain 
points, and under varying conditions, considerabl 
distortion occurred temporarily. Measurements and 
levels were taken twice daily and disclosed a distort 
of the foundation as much as five-eighths of an inc! 
during the time the structure was being welded. Some 
apprehension was felt as to whether or not these dis 
crepancies would adjust themselves at the proper tin 
when the welding was completed, but after all welding 
on the foundations was completed, it was found that | th 
welding did not produce any lift in the double bottom 
any shrinkage not previously provided for. Figur 
shows the welding sequence followed during the al 
mentioned welding operations. 

3. Welding Sequence to Prevent Shrinkage and Locke 
Up Stresses—Some concern was felt, and much « 
sideration given to the development of a welding sequenc 
that we hoped would control the shrinkage and stress 
developed during the welding of: 


JUNE 


dl eeu 








the double bottoms, including the bulkheads 
erected thereon, 

the shell plate butts and seams, together with the 
frames, transverse beams and deck beams that 


ire welded to the shell plates 





sequence of welding during the ere mm of the 
le bottom sections was as follows 

ter the preassembled sections were placed upon 

bottom shell plating, which was already on th 

n the ship ways, and which had previously been 

| into panels, using an automatic weld in and out, 

welding together of the sections began, proceeding 

midship forward and aft, making the transverse 

first, as the principal shrinkage occurred longitudi 

due to the greater amount of welding necessary in 

transverse seams and floors during erection. The 

sections were rather firmly attached to the bottom shell 

plating by slips, bolts or tacks, but in such a manner 

that the expansion joints were free, and so the shell plates 

ould move or slip with the shrinkage occasioned by th« 
transverse seam or floor welding. 

Six transverse expansion joints consisting of a \ 
groove with a buttstrap underneath were provided for in 
the tank tops. These expansion joints were not welded 
intil the first bulkheads, hatch-end beams and girders, 
and third deck were in place, providing shade and an 
even temperature on the tank tops and bulkheads, then 
with that portion of the hull accurately dimensioned and 
partially faired up, the expansions were closed, insuring 
an accurate length of the hull and a level, even keel and 
bottom. What little transverse shrinkage could have 
occurred was provided for in the welding of one longi 
tudinal seam adjacent to the side plate and extending 
the full length of the double bottom. There was no 
measurable deficiency in the length of the hull 

In general, the same procedure as outlined above was 
followed on the third, second and main decks with equal 
success, and at times the work was proceeding midship 
on the second or even main deck before the closing se 
quence welding was completed in the fore-peak bottom 
section or aft to the boss plate on the stern frame. 

If the main body only, of the hull structure mentioned 
above, and exclusive of side shell plates and frames, 
there were 147 subassembly units, preassembled and 
welded in order to reduce shrinkage and stresses and 
each instance a welding sequence was developed to 
properly control the erection program. 

Figure 10 shows the welding sequence used in con 
necting a bilge strake to the double bottom sections and 
side shell plates and Fig. 11 shows the welding sequenc« 
used in the erection of the side shell plates and deck 
connections above the double bottoms. At any time 
alter two transverse bulkheads and included longitudinal 
bulkheads have been welded to the double bottom, no 
lurther shrinkage or distortion is liable to take place 
that prevents the accurate spacing and welding of the 
irames and shell plates within that area. At this stage 
ol erection, the third deck is resting on the beams, 
girders and tops of the frames that extend from the mar 
gin plate to the under side of the third deck and two 
courses of plates are attached, by tack welds, to the 
frames 

Welding again begins amidships and progresses fore 
and aft, welding butts first, then frames to shell simul 
taneously with the welding of the seams between frames 
and the frame connections to decks. As soon as this 
sequence is completed between transverse bulkheads, 
the operation is repeated again between second and third 
decks and last between the main and second decks, form 

ing a sort of pyramid with the welding proceeding amid 
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ships at the main deck while the welding 1s being closed 
up at the fore-peak and after-peak below th third deck 
lhe procedure followed as above brought the hull 
ibsolutely fair for vertical measurements between thx 
main deck and keel and intermediate decks 
f Expansion J ynits md tJheir Functtor This 1s 


partially covered above, but it might be added that 


] } 
SIx transverse expansion joints, as previously) describe 


were used on each deck which produced the general 
effect of erecting the hull in three horizontal layers atte 
leaving the double bottom, and each layer, or deck, wa 
ullowed to work within prescribed limits until it was 
leveled and faired up, after which the expansion joint 
were welded All welding around hatches and all hea 
welding of deck reinforcement I ther deck sean 
should be completed before closing the expansion jommt 
It is not to be expected that good fitting, accurate dime 
sioning and good welding are accomplished without som: 
burning or chipping of an end or side of a pane l, margi 
plate or bulkhead, particularly in the superstructurt 
sections, margin plates or bulkhead 

VWethod of Welding t Liflint } J ldjace? 
Floors and Frames to Prevent Lifting The stern frame 
is of cast steel made in four sections (see Fig. 12), and 


after being normalized was delivered to the machin 
shop, laid out, and all joints machined as shown thereon 
After being match marked, the casting was delivered to 
the ways and the bottom section was placed on the keel 
blocks and positioned, and the last keel plate connected 
and welded, using a »-inch fillet weld all around the 
edge of the keel plate (see Fig. 15 Phe original design 
called for the use of patch bolts through the after keel 
plate and shell plates for connecting them to the stern 
frame, and this to extend above the hub of the vessel 
Plug welds were substituted and proved far more efficient 
for this work. We used a plug weld 1 x 2 inches, and 
the same spacing was maintained as was intended for the 
patch bolts. This type of oblong plug weld, if properly 
made, does not lend itself quite so readily to shrinkage 


cracks as a smaller circular plug weld \fter the bottom 
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INBOARD ELEVATION 
Fig 


section of the casting was welded in place, the remaining 
three sections of the casting were erected, faired up and 
onnected to the ship structure and the joints were 
then ready for welding. 

lhe procedure of welding was carefully worked out so 
is to prevent excessive shrinkage and distortion of the 
isting, or alignment of the frame. Each seam was 
preheated to about 300° F. on each side of the seam before 
welding started. Two welders were working opposite 
each other using the same size electrode and the same 
heat. The welding on each joint, in the order stated 
ibove, proceeded continuously without interruption until 


Table | 

No. of No. of Welding Rod, Lb 

Welders Hours Gross Net 
Joint Al 2 19 106 84 
Joint A2 , 1) L100 78 
Joint A3 ’ = 88 70 
Joint B ] 8 19 15 
the joint was completely welded. Each pass was 


thoroughly cleaned and lightly peened to relieve strain. 
Cable 1 shows the time consumed in the welding of the 
joints, also the amount of welding rod used. 

The welding of the stern frame ‘in position’’ and not 
in the flat’’ was not only for the purpose of allowing 
for the handling of smaller weights during the assembly 
of the casting into the ship structure, but also to provide 
a balanced position for welding, which was considered 
quite important. With the frame in place, all seams 
with the exception of seam B are in the same plane and, 
therefore, all can be welded in the same position on both 
sides of the casting with the same heat, keeping the joint 
evenly heated; and, therefore, equalizing the shrinkage 
on both sides of the casting. In the method described 
above on four stern frames, shrinkage on the seams 
never exceeded '/eg, of an inch, and no trouble was 
experienced with distorting alignment of the parts. 
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ABAFT MACHINERY SPACE 


14 


We had been cautioned by many individuals regar 
the possibility and extent to which the stern or 
after-peak section might rise, due to the shrinkag 


the welds, which are somewhat concentrated in th 
area. We were advised that this rise might ex 
2'/,inches. Beyond the customary study of the matt 


we made only one concesSion to humor the situati 
we set the stern casting about °/s of an inch below t! 
line of the bottom of the keel. During the welding 
the deep tanks forward of bulkhead No. 166 (see Fig 
14), this rise began to develop, and as the welding 
the floors, frames and shell plates aft of bulkhead N 
166 proceeded upward from the boss plate to the st 
ing gear flat, the rise continued until it exceeded the 
tolerance we had provided. It was forecast that th 
greatest acceleration in rise would take place during th 
very considerable amount of transverse welding in 
area centering around the steering gear flat aft 
bulkhead No. 166 extending to the stern frame casting 
and upward to the main deck. Assuming a line hal! 
way between the keel and main deck, aft of bulkhead 
No. 166, the upper half of the hull probably has eight 
times as much “‘in place’’ welding as the lower half 
the hull. The forecast was partially correct, as, over a 
three- or four-day period of intensive welding in this 
area, the rise accelerated to more than °/,, of an incl 
per day; but, thereafter, no further measurable move 
ment took place. The total rise amounted to | 
inches, not all of which, however, was attributed to wel 
ing shrinkage. We were told that a rise of °/, of an i 
in a riveted hull, due to the sag or buckling amidships 
is not uncommon. In the more recently welded hull 
improved technique has materially lessened this ris¢ 
During a two-week period while the welding in th 
area was progressing, levels and lines were run mornin 
noon and night, and the resulting records of the mov: 
ments of the stern casting were truly puzzling 
point located on the stern casting was constantly 
the move, developing a two-week chart not unlike tl 
journeys of a fly trapped inside a 1'/s-inch diamet 
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raure changes day and night, probably caused more move 
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sarees 


fogs and cold winds, as well as tempera- paper, we will eliminate the discussion on the 
the light superstructure. Therefore, 
would like to state that the research work ca 
the past and being carried on at the 


AMERICAN WELDING Society and its affilate 


Sunshine, 
in con 
ian the welding. Suffice to say, however, that 
launching the first hull, the rise in the stern was 
t sufficient to cause comment, it amounted to a strong 


pres 


a depending on who measured it) above the line of has revealed a vast store of welding inform 
bottom of the keel, but even less when measured fully compiled and built upon a solid fou 
rom a base constituting the average line of the bottom experience; all of which insures the steady 
he keel design and construction of welded hulls to a ] 
Inasmuch as time is short, and a motion picture it is to be hoped the desirability of doing w 
some of the welding details 1s to follow this other wav than welded will soon be consider 


ow to Make Sprockets by 
Hand-Cutting 


By J. M. Dulaney* 


PIPE line contractor has developed a fairly simpl These sprockets are part the drive unit 





(2) DRILL HOLES — _ 
@ TRIM TEETH———— 





Fig. |1—This Homemade Radius Rod Makes It Easy to Cut the Outsid« 


Diameter of the Sprocket Blanks 
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method for the fabrication of drive sprocke ts machines Formerl\ steel castings were purchase 1, but 
i which should prove of interest to any shop which — these sprang out of shape due to the severe service t 
has occasion to require replacement sprockets for its which they were subjected and had to be replaced fre 
machinery and equipment quently Now, the sprockets are fabricated in the man 
tenance shop out of “1 teel plat A] 
} sprockets cos bout the ‘ 
tabricated p! Ke t ayy 
sprockets, they have the decided advanta 
stronger and lasting longer 
ha eae Sa 











{—The Three Steps in Shaping the Sprocket Blank 


Shown in This Sketch 


Fig 


Then, using the hand-cutting bl 


y wpipe, th 
tween the holes and the outsids 


diameter its « 


and Teeth Are 


rhe first step is to cut the outside diameter 
sprocket. This is done with a hand-cutting blowpips 
ing a homemade radius rod as a guide Che radius rod, a 
shown 1n Fig. 1, consists of ar d bar to which are a 
tached a holder for the blowpip« le, a ri whee 
and a center point 

rhe next step is to drill equally spaced holes around the 
circumference of the sprocket blank, as shown in Fig 


e metal be 
ut away an 


Fig. 2 (Left) —Cast Stee: Sproc ‘ente 3 Fabrica- 
‘ . Sprocket. Center) Sprocket During Fabrica ? 1. , 
tion Showing Holes Drilled for Sprocket Teeth Right) Completed the teeth are trimme d to shape » a LOWT the sket 
Sprocket Fig. 3. The final operation is to weld a hub to the cente 


of the sprocket 
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Power Supply for Resistance- Welding 


Machines —Ill 


Factory Wiring for Resistance Welders 


AIEE COMMITTEE ON ELECTRIC WELDING 
Subcommittee on Power Supply for Welding Operations 


Purpose of Report 


N adequate power supply is one of 

the requisites of present-day, high 
production resistance welding. A major 
part of the power supply system of any 
industrial plant lies within the plant itself 
and consists of the plant wiring and trans 
former substations. It is the purpose of 
this report to show how to properly lay 
out such a plant distribution system for 
Much of the funda 
mental data included in the tables and 


serving welders. 


charts is not new but is included in order 
that the layout engineer will have com 
plete information available in one com- 
pact report and will not have to refer to 
various articles and handbooks, copies of 
which may not be readily available. 


General Considerations 


The first report of this series, ‘‘Guide to 
Good Electrical Performance of Re 
sistance Welding Machines,”’ pointed out 
the need for keeping welder kilovolt 
ampere inputs as low as possible for given 
welding current outputs, and the next step 
consists of providing adequate supply 
facilities for handling these inputs. Be 
cause of the high currents involved, trans 
formers should be located as close to the 
welders as possible, keeping the secondary 
bus and feeder runs short. In many 
cases it will be found advantageous to use 
transformers containing a liquid that will 
not burn rather than oil in order that 
they can be located adjacent to the weld 
ing machines rather than at some rela- 
tively remote outdoor or vault location. 
With the load power factor generally 
falling between 20 and 40 per cent, it is 
essential that the reactance of the power 
supply system be kept at a minimum. 
Generous copper cross section in welding 
feeders is usually less important than 
proper spacing and arrangement of the 
conductors for minimum reactance 

The first question to be answered is 
‘For what voltage drop shall the supply 
system be designed?”’ No specific answer 
can be given which will apply to all cases 





and, as pointed out in the preceding re 
port, satisfactory results may be obtained 
with 15 per cent regulation in one case 
and 5 per cent may be too much in 
nother. However, in general with the 
usual class of production resistance weld- 


‘ing involving low and medium carbon 


steels, satisfactory welding will result if 
the voltage drop to a point on the supply 
system common to two or more machines 
does not exceed ten per cent for the largest 
machine of the group. This statement is 
based on the assumption that there are 
relatively few large machines in the group 
being served (say, not over five or ten 
machines) and that, while two of them 
may occasionally operate at the same 
time, the chances of three or more operat- 
ing together is extremely remote. Thus, 
if the machines are adjusted for perfect 
welding with a ten per cent voltage drop 
in their supply circuit, the welds will 
still be good when two machines operate 
together causing nearly 20 per cent drop. 
If three or more happen to hit together, 
poor welds or rejects may result. Care 
should be exercised in adjusting ma 
chines, with the setting made under 
highest voltage and maximum current 
conditions, just short of burning the weld 
so that under minimum voltage condi 
tions a good weld will still result 

Experience indicates that this general 
rule of ten per cent drop for the largest 
machine will result in a good workable 
installation in most cases although it 
should be realized there will be exceptions. 
The procedure outlined in the following 
sections will follow the ten-per-cent rule 
with some indication as to how to deter- 
mine those installations which will re 
quire special consideration as exceptions 
to the general rule. 

Where even less than ten per cent regu 
lation can be provided at about equal cost, 
such as obtained by close spacing of feed 
ers, this obviously should be done. The 
ten-per-cent figure is set only as an ap- 
proximate allowable upper limit and any 
improvement below this value is all to the 
good and makes for that much better 
welding conditions 
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Interlocking can be resorted t 


some conditions to insure not more + 
one or two machines operating 
same time. This is an inexpensive prg 
tice where only a few large machines a, 
involved and in most cases pr 
speed is not materially reduced 

While the current-carrying car 
the supply feeders and transformer 
receive consideration, if provisi 
to keep the voltage drop within t 
sary limits, there usually will be 


attendant thermal or carrving c 
Voltage Drop 

For convenience, the supply 
be broken up into three parts 


l High-voltage 


(2,400 volts or higher 


power supply 


2. Step-down transformer bank 


3. Low-voltage bus or feeder (24 r 48 


volts) 
High-Voltage Power Supply System 


The high-voltage power supply 
in most cases is the power compa! 
Where the pla: 


generates its own power, it is typific 


service to the plant 


the generator bus system. In m 
very little can be done toward re 
the voltage drop in the high-voltage | 
supply system at a cost commer 
with the expenditure needed for the 
percentage reduction in the low 
system 

In the case of service from a power 
pany, the amount of voltage drop for 


given welding load is dependent uy 
relative location of the industrial 
with respect to the power com 
large distribution substations as well 
If the plant 


an established industrial area servé 


generating stations 


large substations and not too far 


large generating stations, the voltage 


drop in the high-voltage system wil 
negligible factor. However, if the 

has been located in a rural or small-tow 
area far removed from the power 
pany’s main generating stations, 
becoming more common under the 
ent-day trend toward decentralizat: 
industry in the search for low manufa 


ing costs and reduced taxes, the hig! 


voltage system regulation may loom uy 
a very troublesome factor. Any plant 
which resistance welding is extensiv¢ 
used should carefully investigate 
matter of high-voltage system regul 
when contemplating moving the plant ' 
any other location with less ad 
power facilities for welding. 

In the case of private power generat 
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the voltage drop at the generator bus 
will be inversely proportional to the total 
rating of generators feeding the bus. The 
small and moderately sized plant will 
experience considerable difficulty in hand 
ling any but the smaller-sized welding ma 
chines without encountering lamp flicker 
problems in their plant and office lighting 

he first step in designing the plant 
wiring and bus layout for welding is to 
determine the high-voltage system regula 
tion. This can be obtained from the local 
power company by giving them the maxi- 
mum kilovolt-amperes and power factor 
that the largest machine will draw from 
the power system. Subtract the figure 
btained from the total allowable ten per 
cent and the remainder is that which can 
be allowed in the step-down bank and 
secondary or low-voltage bus system. 
For instance, assume the largest welder 
is rated 300 kva and will deliver a maxi- 
mum welding current of 100,000 amperes 
with a high secondary open circuit voltage 
of 8 volts. The approximate maximum 
kilovolt-ampere input (neglecting exciting 
current) is (100,000 8)/1,000=800 kva. 
From the power company representative 
it is learned that 800 kva at an estimated 

) per cent power factor will cause four 
per cent drop im the power company 
service to the transformer bank at the 
customer. This subtracted from ten per 
cent leaves six per cent which can be 
used up in the step-down transformers 
and low-voltage bus system. 


Step-Down Transformer Bank 


Vn the assumption that the remaining 
wahle «: i * 
wable six per cent drop can be divided 

About equally between the step-down 


tr 


ransiormer bank and low-voltage bus 
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Figure 1. Welding supply— 


transformer regulation 
Per cent voltage drop per 
1,000 emperes of 30 per cent 
power factor, single-phase 
welding current 
1 f » AD mls ci ol n 
or 4 ’ single-phase 
transformer bank, use chart 
ent voltage drop 
¢ For 480-volt, three-phase 
- ! 
transformer bank multiply per 
ent voltage drop by $ 
For 240-volt, single-phase 
transformer bank, multiply per 
cent voltage drop by 1/2 


transformer bank, use chart 


values of per cent voltage drop 


7 8 


system, it is necessary to select the 
proper size transformer which will limit 
the drop to about three per cent 
Welders can either be served from a 
single-phase transformer bank or a three 
phase bank, and where the welding load 
is large enough to justify a separate trans 
former bank for welding load only, it 
will be found advantageous and more 
economical of capacity to use a single 
phase system. The load ts single phase 
and it will remain single phase no matter 
how the transformers ahead of it are 
connected. Sometimes it is desirable to 
spread the individual single-phase loads 
over the three-phase wires for more eco 
nomical utilization of the supply lines 
but unless there are large numbers of 
machines connected, the necessity for 
balancing the load is not important 
When there are many machines, they are 
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around in different 


parts of the plant so that several step 


down banks become necessary at dif 


ferent locations. In this case individual 
single phase I KS be nnected t 
separate phases and thus bring about 
some semblance of balance the supply 
wires 

4 given kva of single-phase load 


fed from a three-phase transformer bank 
will cause just twice as much transformer 
voltage drop as the same kva loa 
fed from the same capacity in trans 


I hase bank 


formers connected as a single 
It is thus obvious that, where the trar 
former voltage drop must be kept at a 


‘ 


minimum, it is highly i 


desirable and more 
economical t use single-phase stey 


down banks of transformers 


In case the welding id 1S reiativel 
small in comparison with the motor and 
other power load of the plant, it car 


readily be served from the same three 
phase bank serving the power load 


Individual plant and service conditions 


thus dictate whether single-phase or 
three-phase banks are the logical sele« 
tion. Irrespective of whether the weld 
ing load is served from single-phase 


transformers or from three-phase trans 


formers in combinati with the motor 


’ 
Figure 2. Welding supply—wire feeder 
regulation 
rer cent tage Dp pe ) ampere 
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Figure 3. Welding supply—bus regulation 


Per cent voltage drop per 1,000 amperes of 
30 per cent power factor, single-phase weld- 
ing current 


1. Far 480-volt bus, use chart values of 
per cent voltage drop 


240-volt bus, multiply per cent 
voltage drop by 2 


2. For 


and power load, the lighting load should 
usually be handled separately in order to 
prevent flicker difficulties. 

Figure 1 shows per cent voltage drop 
per 1,000 amperes of 30 per cent power 
factor welding current through trans- 
former banks of different sizes and im- 
pedance. Plant practice may determine 
the size and impedance of individual 
transformers and the number of units to 
connect in parallel can be determined 
from the chart. 
that 300-kva, 
transformers are used by this particular 
A load of 
800 kva represents 1,670 amperes at 480 


For instance, assume 


'/>-per-cent-impedance 
plant in its step-down banks. 
From figure 1: 


300-kva, 
pedance transformer causes 1.67 times 


volts. 1,670 amperes 


through a '/>-per-cent-im- 
5.6 per cent =9.4 per cent = voltage drop. 
Therefore, three transformers in parallel 
would have to be used to stay within 
the predetermined limit of three per cent 
drop. In some cases a special low-im 
pedance transformer may be economically 
justified. For example, if a two-per 
cent-impedance transformer is purchased, 
the nearest size transformer would be 
500 kva which would allow 3.2 per cent 
drop. This might be cheaper than the 
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three 300-kva transformers but would 
have the definite disadvantage of not be- 
ing usable interchangeably at other plant 
locations. If a plant has sufficient weld- 
ing load, it sometimes pays to standardize 
on special low-impedance transformers for 
welding only and not attempt to make 
them interchangeable with transformers 
used in power and lighting banks. 


Low-Voltage Bus or Feeder 


There is now only three per cent re- 
maining out of the original allotted ten 
per cent drop. It is found that the bus 
or feeder must be 300 feet in length to 
reach the two machines located farthest 
from the transformer bank. 

Figures 2 and 3 show the per cent 
voltage drop per 1,000 amperes of 30 per 
cent power factor welding current for 
different types and sizes of bus and wire 
construction. Figure 2 is for various wire 
arrangements and figure 3 for different bus 
arrangements. Some plant engineers pre- 
fer one class of construction and some 
the other. The bus can be made up on 
the job or it can be purchased, pre- 
fabricated in unit lengths either with or 
without enclosures. 

Usually if the welders are in a fairly 
compact group but at some appreciable 
distance from the transformer bank, some 
arrangement of wire feeder works out to 
advantage. where the ma- 
chines are scattered and frequent taps 


However, 


must be made to the supply wires or bus, 
a bus system is perhaps more advanta- 
geous in that frequent connections to it 
are readily made. 
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From the charts it is found that tw 
500,000-circ-mil wires per leg in condy', 
would handle 800 kva with 26 Der a 
drop at the 300-foot distance. (a ’ vrs 2 
1,670 amperes. From the chart * 

drop for 150 feet=0.78 per cent: {, 1 
300 feet and 1,670 amperes th 

drop equals 0.78 per cent times 2 
1.67=2.6 per cent.) For the bys 
struction a bus consisting of two 
inch by 4-inch copper bars on one-i; 
centers would be suitable from a vol 
drop standpoint. 

It is possible that either of these sel, 
tions may have sufficient current-carryj; 
capacity for handling the equivalen 
steady or thermal load of the grou; ‘ 
welders. if it is found that yi | 
more carrying capacity is needed, othe; 
configurations are shown with equ 


jual Tr sche 


Table 





However, 


better voltage-drop characteristics 


Equivalent Continuous 
Thermal Loading 60 


There are several ways in which the 
equivalent continuous thermal loading oj 
a group of welders can be determined 
might be reasoned that the quickest and + 
simplest method would be to add the " 1 
name-plate kilovolt-ampere ratings of th 1 
individual welding transformers, and 
then apply a suitable diversity factor for aid 
group operation. The welding trans 
formers are rated on a 50-per-cent duty 
cycle basis and, consequently, if all of the 
machines are operated continuously right 
up to the thermal capacity of their trans 
formers, the equivalent continuous ther 
mal loading would be V 0.50 or 70.7 mK 
per cent of the sum of the name plate 
ratings. Thus, if there were ten 300-kva cal 
welders, the supply system on this basi f 
should have a carrying capacity of 70.7 ray 
per cent of 3,000 kva, or 2,100 kva less pe 
the diversity factor correction 

In actual practice, however, most ma at 
chines, except perhaps some seam weld 
ers, operate well below their maximum 
thermal capacity, because the size o! ag 
transformer in the machine is dictated by st: 
the required welding current output \ 
rather than by thermal considerations 

Tests of many installations show that ra 
the values given in table I are mort a 
clearly representative of actual field « 
Thus, if the machines are 
projection, or flast 


ditions. pre di 
dominately 


welders, a supply system with a rating 


spot, 


15 per cent of the sum of the name-pla 
ratings of the machines would, in most I] 
cases, be adequate. Thus, cine tl 
ten 300-kva welders, the supply system 


should be good for about 15 per cent ©! ré 
3,000 kva, or 450 kva je 
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Table |. Equivalent Continuous Loading of 
Typical Welding Machine Installations 
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Equivalent Continuous 
Load Expressed in Per 
t Cent of Sum of Name- 
Types of Welding Plate Ratings 





ction 5 to 10 (most 
installations) 

10 to 20 (very 
few installa 
tions) 

10 to 20 

25 to 70 


A second check should be made based 


lent upon the actual kilovolt-ampere loads of 


t 


the welders and their operating duty 


Lit 
hat eveles. Assume that each of the ten 
eT )-kva machines was on a production 
| OF schedule of 100 welds per hour with 


maximum loads of 800 kva for 10 cycles 
ner weld. The corresponding duty cycle 
f each machine is: (10 100)/(60 X60 


60)=0.46 per cent. The equivalent 

continuous load corresponding with 800 
the kva at 0.46 per cent duty cycle is: 
» Ol \ 0.0046 X800 kva=54 kva. 


For the 
total of ten machines, if all were operating 
at peak production, the equivalent kilo- 





volt-amperes would be 10 54=540 kva. 


wr The selection of three 300-kva trans 
” formers on the basis of voltage-drop con 
‘ siderations is thus perfectly safe from 
- the standpoint of current-carrying ca- 
r pacity. The 500-kva, 2-per-cent-im- 
“— pedance transformer might be just a little 
a small from a thermal capacity stand 
sd point far ten machines in peak production 
” but, with the usual diversity of group 
u peration, should be adequate. 
ate Tables II and III show the equivalent 
va carrying capacity in continuous amperes 
SK { the various types of bus and wire ar- 
)7 rangements commonly used. The am- 
3s pere load corresponding with an equiva 
lent continuous thermal load of 500 kva 
a at 480 volts is approximately 1,000 
id amperes. Thus, the wire construction 
iT] previously selected on the basis of volt 
age drop is not large enough from the 


standpoint of current-carrying capacity 
ut \ wire grouping consisting of four 500,000- 
cire-mil wires per leg (item 11, table II) is 
rated about 1,000 amperes and should be 
adequate for the job. This wire arrange 
ment will have only 1.2 per cent voltage 
: drop for an 800-kva load swing, thus be 
s! ing well within the three per cent allowed 

It should be emphasized here that the 
current-carrying capacities given in table 
IT fi 


ff Six Or more total wires in a trough 


raceway enclosure are estimated 


values only and while considered to be 
reasonable approximations, they are sub- 


ject to change whenever verifying test 


E 194] 
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data 
carrying capacities for most of the bus 
table III are 
polated from test data 


become available The current 


arrangements in extra 
of similar con 
figurations both in the open and in metal 
enclosures and should, consequently, be 
reasonably accurate although here again 
actual test data would be welcomed by 
the industry 

Similarly, table III shows several types 
of bus construction well within the three 
per-cent voltage-drop allowance which 
will have adequate carrying capacity 


The original selection of one '/,-inch by 


4-inch bar per leg on one-inch centers 


would be adequate if mounted in the 
open. However, most bus installations 
will require enclosures and on this basis 
the selection would be between the heavier 


| 


current-carrying busses having drops 
less than three per cent 


Chance of Simultaneous Welds 


Designing for a total of ten per cent 
voltage drop for the operation of the 
largest machine produces satisfactory 
welding conditions only when three or 
more machines do not happen to operate 
at the same instant. Based upon the 
general law of averages, the expectancy 
readily 


of simultaneous welds can be 


calculated. For the sake of simplicity, 
it is assumed that even if only a single 
cycle of one weld overlaps another, this 
simultaneous weld 


would constitute a 


welds (two to three cycles), a single cycle 


overlap should not prove serious and 
this assumption thus introduces a con 


siderable factor of safety 


total time per weld per machine, in 
cluding “‘off’’ and loading time as well 
as actual weld time 

i=actual weld time per machine 

E=number of machines 

ry 1 

tE tk—! 


which two machines make a weld at the 


= interval in terms of number of 


welds between operations in 


same time including any slight over 
lapping of actual welding time 
. ‘ ; nterval in terms 


tE tE—-1) #HE-2 


between operations in which ‘hree ma 


of number of welds 


chines make a weld at the same time in 
cluding any slight overlapping of weld 
ing time 


In usual production welding if rejects 
due to simultaneous welds do not occur 
oftener than once per hour, which would 
be one weld out of every 5,000 or 10,000, 
conditions would probably be considered 
highly satisfactory. Table IV shows vari 
ous combinations of machines, welding 
time, hourly production, and correspond- 
ing interval of time between expected 
simultaneous welds For instance, 20 
machines with three-cycle welding can 
produce 200 welds per hour per machine 
with an expectancy of three simultaneous 
welds andsthree rejects every 1.7 hours, 
With the production stepped up to 300 
welds per hour per machine, the resultant 


expected interference might be such that 
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ance of strap con- 
ductors at 60 cycles 
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Table Il. Welding Supply —Wire Feeder Data. Calculated Data Per 100 Feet of Distance From Source to Load (200 Feet of Circuit) 











Approximate 
Current- 
Carrying 
Capacity 
Copper 
60 Deg C 
Wires Area Ambient 
Per Spacing Square 30 Deg C Weight 
Item Leg (See Figure 2) Size Inches (Amperes). (Pounds) 
1 ] 25/s-inch centers 4/0 0.166 225! 131 
2 l 25/s-inch centers 500,000 circ-mil 0.393 400! 308. 
3 1 Wires laced together 4/0 0.166 2102 131. 
4 1 : *) * 500,000 circ-mil 0.393 3502 308 
5 2 4/0 0.332 400? 261 
6 l Concentric cable 500,000 circ-mil 0.393 3005 308 
7 2 Wires laced together 500,000 cire-mil 0.786 6502 616 
8 3 ; = 4/0 0:498 5003 392 
9 4 4/0 0.664 6003 522 
10 3. . 500,000 circ-mil 1.18 850° 925 a 
11 4 500,000 circ-mil 1.58 1,000. - 
12 6 500,000 circ-mil 2.36 1,300! 1,850 
Norges: 1. Code limit. 


2. In conduit, wires laced together. 


3. In trough, wires laced together (estimated values—no test data known) 
4. Reactance is slightly higher when wire is in magnetic trough or conduit 
5. In conduit (estimated value—no test data known) 


machines into two groups or design for a 
five per cent instead of ten per cent 
voltage drop in the supply system. 

The last column shows total time 
divided by the actual weld time of all 
large machines on the bus. As long as 
this value is greater than 10 or 20, satis- 
factory welding conditions should gen- 
erally result on a supply system with ten 
per cent voltage drop, as the chances of 
three welds occurring 
oftener than once per hour is rather re- 
mote. (For exceptions see last para- 
graph.) It should be remembered that 
these considerations apply only to the 
large machines. Innumerable small ma- 
chines can be served from the same trans- 
former bank and bus system along with 
the five or ten large machines, upon which 
the distribution system design is based, 
without any further consideration except 
that of thermal carrying capacity of the 
system. 


simultaneous 


It might not be amiss in this connection 
to point out another frequently encoun- 
tered cause of poor welding in addition to 


that of excessive voltage regulation. 
6 
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There is a tendency on the part of many 
users of welding equipment to increase 
the welding speeds far beyond the ca- 
pacity of the equipment to make good 
welds. As a result, a certain percentage 
of such welds are inferior. The designer 
then specifies a greater number of welds 
in an attempt to assure himself of a suf- 
ficient number of good welds to produce 
a satisfactory joint. The production 
department must then make these welds 
at an even faster rate of speed to main- 
tain costs, resulting in an even greater 
number of inferior welds. 

This vicious circle of events can be 
eliminated by insistence upon good weld- 
ing throughout, resulting in fewer welds 
per joint, which in turn permits welding 
speeds commensurate with good welding. 
This results in better voltage regulation 
by reducing the chances of simultaneous 
or interfering welds on any given feeder 
line. 

There may be some classes of welding 
where every weld must be perfect and 
there must be no chance of even a few 
undetected poor welds passing inspection. 





Figure 5. Reactance 
of standard strand 
cables at 60 cycles 
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Voltage Drop Per 1,00 B cna? 
Amperes iuct 
30 Per Cent Powe; 5 
Factor stan 
D-C — —— ; 
Resistance Per Cen: 
25 Deg C Reactance at 480 
(Ohms) (Ohms) Volts Volts e 
0.01 0.012 14.3 2 98 
0.0043 0.0098 10.7 22 “ 
0.01 0.0059 8.72 89 
0.0043 0.0056 6.63 § 
.0.0051 0.0022 3.63 7 
0.0043 0.0013 2.53 0 
. .0.0022 0.002 2.54 
0.0034 0.0014 2.36 49 
0.0026 0.001 1.72 3 — 
0.0014 0.0013 1.63 "| rde 
.0.0011 0.00089 1.17 24 
0.00072 0.0006 0.79 17 mae 
ere 


In these cases it may be desirable to d in ¢ 
sign for closer regulation. 
even under these conditions, the extr Dw 
investment needed for reduced regulatior 


However fo 


to 
should be balanced against the cost jat 
necessary recorders and indicators rea 
detecting welds made under improper the 


conditions of voltage, current, and time of 
It might be more economical to invest ir 
the recorders and indicators than in e 
ceSsive feeder and transformer capacity 
which would only be needed once o int 
twice a day when three or more machine: 
might happen to hit together 

Example. Ten 300-kva machines 
machine producing 100 welds per hour 
10 cycles duration each: 


. 60<60X60 
T =———_*~— =2,, 160 cycles 
100 


t=10 cycles 
E=10 machines 


3 i 2,160 2,160 | 

aa a ee aa S18 weld 

tE “E-1) 10X10 10x9 
between operations in which 


machines make a weld at the san 
Total output = 1,000 per hour 
Two welds together every (518 X60 
= 31 minutes 


T Re oe . 2,160 _ 2,16 

er met ar OEY ee x a” 

tE “€E-1) «E-2) Yr0x10 10X9 
2,160 _ 14,000 welds beween ope! 
i0x8 


tions in which three machines mak 
a weld at the same time 

Three welds together every 14,000 
14 hours 

Total time divided by weld tim 
welders = (60 X 60 X60) / (10 10 10' 


= 21.6 


Interlaced Bus Calculations 


The reactance values of the va 
wire groupings and bus-bar configurations 
. e . - TT 

shown in figures 2 and 3 and in tabi 
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II] were calculated by means of the 
short-cut method, utilizing the 
iia f reactance for a pair of con- 
-< (either for conductors, figure 4, or 


aanteal strand cables, figure 5).' In 
-. way it is possible to calculate the 
nal e of an interlaced bus or cable 
—_ sith a reasonable degree of ac- 
ur in a few minutes, as compared 
9 e more laborious method based 


e fundamental relations of mutual 
self-inductance which at best re 
ti several hours 

This short-cut method of calculation is 
neorporated as part of this report in 
rder that quick calculations can be 
made for other wire or bus configurations 
than those shown in the tables. 

The basic methods and curves used 
here are not new, but were published in 
U. S. Bureau of Standards Scientific 
Paper No. 281 by Francis B. Silsbee, and 
also in The Electric Journal of June 1919 
in an article entitled ‘‘Reactance Values 
for Rectangular Conductors” by H. B. 
Dwight. However, it was felt desirable 
to bring together all of the necessary 
jata for the calculation of welder bus 
reactance and to show by actual examples 
the use of these data for the calculation 
of interlaced conductors. 

The more general types of welder busses 
which are commonly used are: (1) four 
or more stranded insulated conductors 
interlaced and clamped together, (2) 
interlaced copper bars, and (3) concentric 
tubes. Figures 4 and 5 show the total 
reactance, self minus mutual, between 


Table Ill. Welding Supply—Bus-Ber and Tubing Data. 


two conductors. The same curves can 
be used in the following manner when 
more than two conductors are involved 
and there is an even number of conduc 
tors. Consider an interlaced bus con 
sisting of six conductors, three going and 
three returning, as shown in item 
table III, arranged as follows 


+1 —4) (+2) 5) (+3) (—6 


Since the average droy of the 
circuit equals the average drop of the 
return circuit, it is only necessary to 
find the drop in the going circuit and 
multiply it by two to determine the total 
circuit drop. If, as a first approximation 
it is assumed that the current divides 
evenly between all of the going conduc 
tors, the reactance of any going conductor 
is the sum of the reactances of all the 
return conductors to the given going con 
ductor minus the reactance of the remain 
ing two going conductors to the given 
going conductor. Dividing the sum of 
the reactances of the going conductors by 
three gives the average going reactance 
per conductor and dividing this average 
by three (since it is assumed that only 
one-third of the current went through 
each conductor) gives the going circuit 
reactance. Multiplying this value by 
two gives the total circuit (going plus 
return) reactance 

The reactance of each going conductor 
can be written as follows 
Xy=XutXustXue—Xu-—Xu 
Xo=XutXut+-Xu—-Xu—-Xa 
X3= XutXut+Xu—Xun—-—Xu 


i 


Il 





Approximate Current 
Carrying Capacity 


rhe total circuit reactan going plus 


return) 1s 


Yr Y ~ * +X 
9 
It should be inted out that, although 
this method is approximate, it is ac 


urate within ten per cent which is good 


enough for most practical calculations 
Numerica im pie Determine t he 


reactance of an interlaced bus 1,000 feet 


long, consisting of «inch by 4-inch copper 
bars spaced one-inch center-to-center as 
shown in table III, item 1 rhe distance 
between the center lines of each conductor 
and all of the other conductors should be 


calculated and the reactances corresponding 


to these distances should be obtained from 
hgure 4 

For example, the distance between the 
center lines of conductors 1 and 4 is 1° 


S bs 


—-=().235 and the correspond 


a+b '/,°+4" 
ing reactance is 0.0125 ohm per 1,000 feet 
The remaining reactances can be found in a 
similar manner 


Y, = 0.0125+-0.0290 + 0.0392 — 0.0220 
0.0347 = 0.0240 
Y¥.=0.0125+-0.0125+-0.0290 — 0.0220 - 


0.0220 = 0.0100 


Y, = 0.0200 +-0.0125+4+-0.0125—0.0347 
0.0125= 0.0027 
» > 
\ Y,+X¥.+X, 0.0249 +0.0100 
i) ) 
o* ‘ 
0.0027) = 0.00696 ohm (going and re 


turn) 


The same method can be used on stranded 
cables, except that the reactance values are 
taken from figure 5 


Numerical Example Determine the re 


Calculated Data Per 100 Feet of Distance From Source to Load (200 Feet of Circuit) 


< 


yitage Drop Per 

1,000 Amperes 
30 Per Cent 
Power Factor 


35-Deg C Rise D-C 
Area (Amperes) Resistance Per Cent 
Bars Spacing Size Square Weight 25 Deg Reactance at 480 
Item Per Leg (See Figure 3) (Inches) Inches Open Housing (Pounds) (Ohms) Ohms) Volts Volts 
l l 8” centers 1/ «x2 0.5 7H 490 386 0.0033 2 
2 l 8” : ; 1/qx4 1.0 1,400 950 772 0.0017 ). 00908 ) R4 2.0 
3 1 2'/,." centers 1/ «x2 0.5 750 490 RG 0.0033 ) 007 7 86 64 
4 1 21/4" centers. 1/ «x4 1.0 1,400 950 772 0.0017 048 7 1 06 
) l 1” centers , «x2 0.5 720 450 386 0.0033 W4 $91 1.02 
4 2 3” centers interlaced «x2 1.0 1,400 950 772 0.0017 0.0039 4.19 0.87 
7 1 1” centers «x4 1.0 1,370 900 772 0.0017 02 2.88 0.60 
8 2x2 3” centers interlaced «x3 3.0 3,600 2,600¢ 2,315 0.00056 1028 2.84 0.59 
z) 2 3° oe oe 1/qx4 2.0 2.600 1,800¢ 1.544 0.00084 ) OO2E 2.73 ). 57 
0 2 1” eo 1/ «x2 1.0 1.350 870 772 0.0017 0018 2.2 0.47 
l 1 1/3” centers 1/gx4 1.0 1.370 900 772 0.0017 14 1.83 0.38 
- 2 1” centers interlaced ‘/ax4 2.0 2,500 1,700 1,544 0.00084 0011 1.27 0.26 
| 2” Standard tube around 1.09) 800 76 0.0017 10078 2 0 26 
1'/, extra heavy tube 0.89) 
4 l i/+" centers. , 1/gx8 2.0 2,600 1,800* 1,544 ). 00084 0. o007« 0.98 0.20 
d 3 1” centers interlaced . 1/qx4 3.0 3,500 2,400* 2,315 0.00056 0007 0.83 0.17 
¢ 1 4” Standard tube around 3.18) 2 000 2,410 0.00054 ) OO 0.64 0.13 
3 extra heavy tube 3.055 
7 1 1/+” centers..... 1/ «x12 3.0 3,600 2.5004 2.315 0. OOOS# 0.000 0.64 0.13 
eS: 1. Extrapolated from test data. 
Housing material, size, and color affect rating to marked degree 
Reactance may be as much as 5 per cent to 20 per cent higher if bus is in magnetic housing 
4. Nonmagnetic housing 
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Table IV. Chance of Simultaneous or Interfering Welds 


Welds Per Hour 
Per Machine 


Number of Weld Time 
Machines Cycles 


100 
200 
300 
100 
200 
300 


100 


200 
300 
100 
200 
100 
200 


400 


) 100 
200 
10 300 
8) 100 
; 100 
3 200 
300 
100 


*Nort 











Time Interval Between Simultaneous Welds Number of Good Tota 
Welds for Every Divi 
Total Output Two Welds Three Welds Weld in Which We 
Per Hour Together Together Three Hit Together of All Welder, 
500 2 hr 12,500 hr 6,250,000 ‘4 
1,000 6.5hr 777 hr 777,000 - 
1,500 » Lew 154 hr 231,000 . 
500 4.2hr 336 —so hr 168,000 ‘ 
1,000 35 min 21 hr 21,000 
500 10 min 4.2hr 6,200 
300 2.9 hr 207 hr 62,200 
600 22 min 13 hr 7,760 
900 f min 2.6 hr 2,310 
500 31 min 12.4hr 6,220 
1,000 4 min 417 =min* 778 
1,000 5.8 hr i8 hr 518,000 
2,000 43 min 32.4 hr 65,000 
3,000 13 min 6.4 hr 19,200 4 
1,000 31 min i4 hr 14,000 
2,000 4 min 52 min* 1,743 
3,000 l min 10 min* 520 
1,000 3 min 28 min* 467 7 
2,000 41 min 27 «Ob 54,000 f 
4,000 5 min 1.7 hr 6,840 g 
6,000 2 min 20 min* 2,020 
2,000 4 min 44 min* 1.480 


On border line of unsatisfactory operating conditions if supply system is designed for ten per cent voltage drop for operation of largest machi: 


these conditions supply system should probably be designed for about five per cent voltage drop 


ot 
standard-strand, rubber-insulated 
1,000 feet long and arranged similar to item 
8, table II, arranged as follows 


actance six 250,000-circ-mil interlaced 


cables 


+-}) -4) 


— 6) 


+2) 


+-3) 5) 


he copper diameter ts 0.576 inch, the rub 
ber thickness is 0.094 inch, and the braid 
thickness is 0.020 inch, giving a total diame 
ter of 0.804 inch The between 
the center lines of each conductor and all 
of the other conductors should be calculated 
and the corresponding reactances should be 


distance 


obtained from figure 5 

The distance between the center lines of 
V/ 0.804" +0.804" = 
1.138 inches and the corresponding reactance 
is 0.0368 ohm per 1,000 feet 


conductors 1 and 3 is 


The remaining 
reactances can be found in a similar manner 


X, = 0.0288 + 0.0288 + 0.0473 — 0.0448 
0.0368 = 0.0233 
Y. = 0.0288 + 0.0473 +-0.0288 — 0.0448 — 


0.0368 = 0.0233 
0.0288 — 0.0368 - 
0.0368 = 0.0128 


X, = 0.0288 + 0.0288 + 


"> >) 
Yr=- (X,4+X2+X;)) =— (0.0233 +0.0233-4 

9 9 
0.0128) =0.01382 ohm (going and re 
turn) 


tubular busses 
is easily expressible in a formula. Let the 
outer radius of the outer tube be r%,, the 
inner radius of the outer tube be r;, the outer 
radius of the inner tube be 72, and the inner 


Che reactance of concentric 


radius of the inner tube be r;. The re 
actance then can be expressed as 
ad 
\ 11.49 4.6061 logio t 
r ‘ r r,* r4 
logio + - logyo 2 
r,2 17) (r,?- 4 )2 Ts 
ro* +9," rit; 
= ~10 
2(72?—17;7) 2(74?—713") 


where XA is in ohms per 1,000 feet of bus 


total going and return circuit) 
Feeder Data for Small Installations 


In cases of small installations of welders 
served at low voltage (240 or 480 volts) 
by the power company the plant wiring 
will generally consist of wires pulled in 
conduit. It is usually unnecessary to 
lace the going and return wires together 
for minimum spacing before pulling in 
conduit, as the natural positioning of the 
wires in the conduit will give close enough 
spacing. 


Table V.—Iimpedance and Carrying Capacity of Conductors in One Conduit 


Resistance One 
Conductor Per 


Reactance One 
Conductor Per 


Current-Carrying 
Capacity (Amperes) 


Conduit Size 1,000 Feet 1,000 Feet Copper, 60 Deg C 

Wire Size (Inches) (Ohm) (Ohm) Ambient, 30 Deg C 
2 L'/« 0.156 0.040 107 
) l 0.098 0.041 139 
2/0 2 0.078 0.038 160 
3/0 0.062 0.036 182 
4/0 2 0.049 0.038 210 
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gives the 


he following table \ 
pedances of circuits and current-carr 
capacities of relatively small wir 


able for small installations 


TYPICAL EXAMPLES 


Example 1. Small Job-Weldin 
Machines 
One 150-kva seam welder 


) 


Four 20-kva spot welders 


Maximum kilovolt-ampere loa 
largest machine 
1,500 amperes at 240 volts = 360 kv 


Regulation for 360 kva 

il. Supply system (4,800 volts 

2. 200-kva, single-phase, 4,800/24 
volt, 3-per-cent, Z transformer 

3 100 feet 
conduit 


two 4/0 wires per leg 


- , 
i otal 


Equivalent continuous thermal loading 
0.7X150 kva =105 
+<x20 kva= 8 
113 kva=470 amps 
240 volts 


7 
i xX 


Example 2. Small Job-Welding Shot 


Machines 

Three 50-kva spot welders 
I'wo 150-kva press welders 
One 200-kva projection welder 


Maximum kilovolt-ampere load swt 
largest machine 


2,100 amperes at 240 volts = 500 kva 


Regulation for 500 kva 

1. Supply system (4,800 volts 

2. 500-kva, single-phase, 4,800/24 
volt, 3-per-cent, Z transformer 

3. 150 feet one !/,-inch by 4-inch ba 
per leg, l-inch centers 

























































nt continuous the mal loading Duty cycle 2,000 «3 H0 X60 * 60 Pet 
ntX650 kva=65 kva 270 am 2.77 per cent Regulati f \ Cen 
— 240 volts 200 kva at 2.77 p \ 1 kv Supply sy +800 vol j 
continuous ; Two 0) -kva gl pha 
[wo hinge 2 j 8 kva nuot R00 /480-vol « t 
Remainin " iD if yriners 
‘ oot DManatactaenns BP j aye 
ymalh Manujacturir - +0 KVa wn) f “ y 4-1m bat 
Total. 108 ky er leg ntet 9 
g, } ‘ 
y k [ ss welders Total ’ 
not welders ' 
, 7 is yr, Val { i 
pot welder 
} ) ent k Va 
kilovolt-ampere load swing ¢ , 1t 480 vol 
‘ \ | 
185 volts 100 kvu l it1o 4 { l 
Ion 
Per aA Machine 
. . \Mlachi 
tUU KVa Lent rhree 550-1 me , Two 7O00-kva 
> 1 i nV a we i 
: ystem (24,000 volts baa : ; wo 500-kva ¢ w 
ea nant One oUU-Kva projection wel ; ; 
kva, single-phase, 24,000/485 O 100-1 ;, Nf 
. — 4 ne 4UU0-Kva projection welder \lax! i cilov \ | 
ent, Z transformers 7 4 rt ond I wel " k ‘ 
iree 1J-KVa pro} ti y j rs ‘ hie 
feet one '/,-inch by 2-inch bar » a ‘ vel a nachi 
1) ampere L 
g inch centers 2.0 eves ; . 
Maximum kilovolt-amp id swing of rer 
10.5 largest machine Regulatio Cen 
2,700 amperes at 48 kva Supply sy 8 6.9 
ntinuous thermal loading Pe 2 rhree 00 -kva gl Ase 
, y all three-cycle welding so use Regulation for 1,300 kva Cer +, 500/450-vo rat 
. 
v nt of sum of connected load 1. Supply system (4,800 v ( rmers ' 
590 kva=80 kva=165 amperes at 2. Three 900-kva, single - pha Lov feet twod ‘ DY d-1n 
9 1,800/480-volt, 3'/2-per-cent, Z trans irs per leg, interlace I t 
former 
; 125 fee t two 4 ch y 4-1 nh Dar lot al l4 
, 
, A per leg, interlaced 2'/,-inch centers — eaaY : 
: f mall Manufacturing Plant she two (UU-E locked 
» that they could tt perated togethe 
‘) 
, . ind the two )-kva were also 
. : interlocked 
w kva projection welders (automatic ; , a Bas , 
Equivalent continuous thermal loading 7 
a : Equivalent conti t i ‘ 
550-kva butt welder 
kva spot welder pe , 0-kva welder 
’ , 200 welds per hour -cycle weld , , , 
~ pot welder , 1) welds per nd welds 
nt Duty cyc! 200 * 30) /( f f 2 
25-kva portable welders Duty cycle OU AX OV 
per cent “ 
1 j ; . : - = 6.95 pet 1 
kilovolt-ampere load swing of 1,300 kva at 2.77 per cent duty cy f . 
s ' . . 670 kva f } ‘ ; ' ‘ 
achine kva continuous 1401 
‘ - ‘+ KRVa 
. it 240 volts=205 kva Three ma ; 2 648 kva ry ' 
i WO Inac “ 
Per tinuou 1 ae 
5 k “ . KVa welder! 
205 kva Cent Remaining machines, 1 * ' 
" ‘i welds p y 
pply system (4,800 volts i 135 kva 5 — 
. +1 9 +> . ruly yck { ( 
2 kv hree-phase, 4,800/240- Total, 783 kva umpert it 48 
Z power transformer an 4 
{ y. KVa at \ 
4 Loc iti l ( ect , Ss) KVa 
‘ : wires per leg in 
wo ma . 1 
2.6 Machine 
ul. RRO + 5 L 
. - 40 hydromatic wel ) va 
R rf . yt ‘ ted lo a wh k ) - 
( Pot | load =. Reference 
tinuous thermal loading Maximu kilo 1 va ACTA 8 ROB 
é . ( ee T rbroug 
projection welder largest machine a. © . a : 
: le mee th - 7 a , " larch § 4 
is per hour—3-cycle welds 2,100 amper at 480 v ) n age 106 
of AIEE subcommittee on power supp for w 
. irman E. I Dissmeyer, M. B. Gathma 4 
I \. Hester, H. S. Hubbard M. H I 
. ‘ ( l Pfeiffer, F. H. Rob and 
FUTURE MEETINGS AND CONVENTION: 
y. American Institute of Ele sept. & \ » ‘ 
t neers, summer convention Atlar City, N. J . b ; 
. : Hep ’ An la Na 4 ; 
a ae American Society for 1 p A ssociatio Hot 
g Material 44th annual meeting, more. Atlantic City. N. J bas . 
House, Chicago iM iM MI a 
l Regional meeting, A.I. M.|! nel Byes ° : ; ’ ‘ , . 
‘ h and the Iron Ranges ing ( ventio t Xx] mm, 4 W ELDIN 
<+-29. American Institute of America Mining ( BI : H P i 
if Engineers, Pacific Coast con Hot san | A : 
Yellowstone National Park ) f Na ‘ , 
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Welding Metallurgy 


VOLUME II 
By O. H. HENRY and G. E. CLAUSSEN 


A series of lectures prepared for presentation in a fundamental course of metalluray 
and metallography at Polytechnic Institute of Brooklyn under the joint auspices . 
the Institute and the New York Section of the AMERICAN WELDING SOCIETY 
To be published serially in The Welding Journal. The lectures are reproduced j 
attractive booklet form, copiously illustrated—357 pages—with imitation black leathe: 
covers. Volume | consists of the first series of 10 lectures given by the New York S 
tion in cooperation with the Polytechnic Institute of Brooklyn last year. Volume 2 
cludes the series of lectures given this year. The price of the book containing 
both volumes is $1.50 per copy. Special prices can be arranged for quantity lot 
of 50 or more. 


e > ow lave " . S Cé > ‘el) DV ¢ 
Part V—Fluxes and Slags bounce on the new layer, which is called FeO by 
one; although it may contain 22 to 28% oxygen cr mor 
and hence is not necessarily of the precise compositior 


Flux is used in the welding of nearly every metal except 


AIR | . 
lead and platinum, unless the weld is made by the resist axxxxxxxxaxx | \ ‘eit 
ance process in which molten weld metal, if any is formed, 1 i OPES 
is not exposed to the air. Flux is the material used pri- 
marily to protect the weld melt from the air. The flux P 


reacts with the weld melt to form the slag, which floats | 
on the melt (see Fig. 46, Part VII of Vol. 1). The follow- | 
ing sections show the conditions that make flux essen ; 
tial, point out some of the requirements of fluxes and 

slags, describe the reactions between slag and weld a ; 

metal and apply the results to oxygen cutting /- 





OXIDATION OF IRON | ut 


7X00 DOO 


ZRRERXAEAEZE 


Suppose molten iron in a crucible, Fig. 37 (a), is ex 
posed to the air. Oxygen molecules of the air bounce ax x 
on the surface of the melt. Some molecules are attracted ee 
so strongly by the atoms of iron at the surface of the se sees se ei aaa 
melt that the molecules are split into two atoms, and the 
oxygen atoms mix with the iron atoms in the surface of SE - \ 
the melt, Fig. 37 (0). In other words, the oxygen dis- 
solves in the iron. There being more oxygen atoms in  [; —a) \ \ 
the surface layers than deeper beneath the surface, oxy- Pee ee 
gen atoms diffuse deeper and eventually spread through- 
out the melt, Fig. 37 (c). The process is extremely rapid. 

The iron atoms cannot hold more than 0.2% by weight | 
of oxygen in solution at the melting point (oxygen in / 
iron lowers the melting point and widens the point to a tRos 
range). 
When the iron contains 0.2% oxygen it is saturated. 
But oxygen atoms continue to force their way into the - 
surface layers. These atoms form a new substance with 
the iron. No longer is the mixture of iron and oxygen Fis. 37 (@) to (d)—Four Stages in the Oxidation of a Crucible of Molte: 























: ; . I E dtotheA 

atoms a single liquid. Instead, the new substance, a ‘ ; a 

: : z "sf A007 ? : , ‘ % Sxygen atoms = x. In (b) the iron at the top is nearly saturated with 
liquid containing 22% oxygen, 1S lighter than the satu- (c) the oxygen atoms have diffused to the bottom of the crucible, and the melt 


rated solution of oxygen in iron. The new substance  stursted solution of oxygen in iron. In (d) @ layer of oxide has formed on ' 
- > prc The oxide is of variable oxygen content and is called FeO for short. There is ¢ 
rises to the surface to form a layer, Fig. 37 (d). Air no oxygen concentration in the upper surface of the oxide layer than in the lowe 


+ . . vat Air i iT revent oxidati y mean Fa li rn n means 
longer is in contact with the iron. The oxygen molecules  4)',5,xFluded to prevent oxidation by means of @ lid in (¢) and by mea 


of neutral gas in (/) 
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i by the formula. Some of the bouncing molecules 
-niit and enter the surface layers of the FeO layer, as 
hey did the iron surface. The oxygen atoms in the 
lavers of the FeO diffuse deeper, reach the iron 
laver, and convert more of it to FeO. Again the process 
rapid, and a crucible of molten iron exposed to the 
+ may be converted to the iron-oxygen liquid known 
O in a few minutes, if conditions are favorable. 
xygen dissolved in iron is bad enough, but complete 
conversion to FeO, the slag from oxygen cutting, is in 
tolerable. To prevent it we may put a lid on the crucible, 


mt 11e4 


L 


Fig. 37 (e). No oxygen reaches the iron and there is no 
oxidation. We cannot put a lid over welding operations, 
but we can cover the weld melt with an impermeable 
slag equivalent to a lid. In arc welding the slags some 
times consist largely of iron oxide, silica (SiO,) and 
manganese oxide (MnO). Instead of using a lid, we can 
drive air out of the crucible by a jet of gas that does not 
react with iron, helium for example, Fig. 37 (f). The 
gas shield is supplied in oxyacetylene and atomic hy- 
drogen welding by the torch, while gas shields in arc 
welding are derived from combustible or volatile ma 
terials in the coating. Since these coatings frequently 
are carbonaceous, the gas shield consists of carbon 
monoxide (CQ). 

Three circumstances must be considered in Fig. 37 

First, if the iron is near or at the boiling point, iron atoms 

may be rising from the surface faster than the oxygen 

ry: itoms arrive. We observe then only a fume of iron 
or and oxygen molecules rising from the top of the crucible 

‘on [he surface of the iron will be clean, which may be the 
sondition of the globules passing through the welding 
arc. Second, not all gases react with iron in the same 
way as oxygen. Hydrogen and nitrogen dissolve to some 
extent in molten iron but do not form compounds analo- 
gous to FeO. Other gases do not even dissolve to an 
appreciable extent. Third, the solubility of oxygen and 
other gases increases as the temperature is raised and 
furthermore, solution is more rapid at the higher tem 
peratures. In arc welding, a long are favors access of 
air to the melt, which however is at a lower temperature 
probably than with a short arc in which contamination 
by air is less likely. Ordinarily the access of air with a 
long are outweighs in effect the high temperature asso 
ciated with a short arc. 


BUBBLING (OXIDATION OF STEEL) 


When we substitute an iron-carbon alloy for iron in 
the crucible, Fig. 38 (a), we find in the early stages that 
oxygen dissolves as in iron. However, when carbon is 
present, only a little oxygen can dissolve in the alloy, 
Fig. 38 (b). After the melt is saturated with oxygen, 





{ } ° : *) 


_ a 


Fr 


ig. 36 (a)—Evolution of Bubbles of Carbon Monoxide (CO) in a Cooling 
Melt of Iron Containing Carbon and Oxygen 











Fig. 38 (6)—Percentage of Oxygen in Basic Open-Hearth Steel of Different 
Carbon Contents 


urve bserved results showing depart brium 


Jata of this sort are avaiiadie for weid mete 


further oxygen atoms entering the melt react with car 
bon to form a gas: carbon monoxide The gas under 
these conditions cannot remain in solution in the iron 
It forms bubbles, usually at the walls. The bubbles rise 
to the surface. Owing to lack of time for uniformity of 
composition throughout the melt, the condition in Fig. 
38 (a) easily arises. Gas bubbles through a layer of FeO 
that has formed on the nearly carbon-free surface before 
carbon has been oxidized completely from the lower 
parts of the melt, and in spite of the agitation of the melt 
by the bubbles. The bubbling gives rise to undesirable 
foaming of the slag during welding. The gas is derived 
from the weld metal, not from the slag 

Che solubility of oxygen in iron and iron-carbon alloys 
decreases as the melt is cooled. FeO therefore separates 
from any cooling melt that is saturated with oxygen 
If carbon is present, it reacts at once with the FeO to 
form CO. Thus, the bubbling continues as the melt 
cools. Oxygen is less soluble in solid iron than in molten 
iron during freezing. FeO therefore separates from the 
melt during freezing. As it separates, carbon at once 
reacts with it to form CO. Since the melt is solidifying 
and may be nearly solid, it is not difficult to understand 
that some bubbles will be trapped in the solid weld, which 
will contain gas holes or blow-holes. Whether the rea 
tion continues in the solid steel after solidification and 
whether, if so, the pressure of the evolved gas is suffi 
cient to cause cracks has not been determined 

Conditions will be similar if the steel contains manga 
nese. The manganese instead of the iron will be oxidized 
to form manganese oxide, MnO, in the oxygen-saturated 
melt during cooling. Like FeO, MnO at once is reduced 
by carbon to form CO bubbles. If all manganese in steel 
is oxidized, none is left to form manganese sulphide; as 
a result the steel will contain iron sulphide and will be red 
short. Should silicon or aluminum be present in the 
steel, no blow-holes will appear. Silicon dioxide (silica 
or SiOQe) or aluminum oxide (alumina or Al.O,) will 


form when FeO separates during cooling Neither 
SiO, or AlO; is reduced by carbon below 1600” ¢ Pus 
thermore, the amount of oxygen that can dissolve in a 
melt containing appreciable quantities of Si or Al is 


negligible. On the other hand, if a melt containing Si 
or Al is exposed to the air, they are rapidly oxidized, the 
solid oxides rise to the surface, and from that point 
onward the melt behaves as if it contained no Si or 
\l, which indeed it no longer does 

Effective as are Al and Si and to a ke extent Mi: 


are freeing steel from oxygen, which has a most adverse 

w Oxygen content in the slaa (say 20° ° ‘ ‘ ‘4 

n of high oxygen content and low carbon effect on ductility and soundness, it is wasteful t 1ad 

bles them in great excess to a welding rod or electrode in the 
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expectation that they will not be oxidized completely 
during welding. It is far better to protect the melt with 
a flux or a gas shield. The fluxes or coatings in arc 
welding are of many types, two of which are 


Composition Volatile 
of Flux, % SiO; FeO MnO TiO, Matter 
Slag type 30 30 20 20 
Gas shield type 30 20 20 30 


hese compositions are illustrative only; no coating 
in use probably has exactly these compositions, and 
many probably do not contain any of these constituents. 
Observe that these fluxes consist largely of materials 
that would float to the surface of a melt containing Fe, 
Si, Mn and titanium exposed to the air. The flux ab- 
sorbs some FeO from the weld metal to form the slag 
on the melt. 

The thicker the coating, the less opportunity will there 
be for diffusion of oxygen from the outer parts of the 
layer of slag to the melt. Also only the FeO in the slag 
can absorb appreciable quantities of oxygen from the 
air. Since FeO in the slag is largely combined as iron 
silicate or iron manganese silicate (2MnO.FeO.SiOz), 
which melt at 1200—1300° C., it no longer can act as a 
transporter of oxygen to the melt, causing its oxidation. 
Hence, the slag is nearly impermeable to oxygen. With 
a thin coating on the electrode the slag layer is thin, 
absorbs a large proportion of FeO, for instance, from rust 
or scale on the scarves and is relatively ineffective in 
preventing access of oxygen to the melt unless a gas 
shield is maintained. The volatile matter in the coating 
probably burns to some extent to form CO. In either 
form the gas shield acts as a stream of gas from a jet to 
replace air by a comparatively inert atmosphere. Both 
flux and gas shield prevent access of nitrogen to the 
melt in a similar way. The action of slag in preventing 
access of nitrogen to the tip of the electrode is not under- 
stood. Of course, there is no relation necessarily between 
the gases evolved by an electrode coating or from a 
welding flame, and the gases in the weld metal. 


THE MAJOR WELDING PROCESSES 


Atomic Hydrogen Welding 


To illustrate the nature of the flux and slag in some of 
the major welding processes, let us begin with atomic hy- 
drogen welding. A stream of molecular hydrogen (a 
molecule of hydrogen consists of two hydrogen atoms) is 
passed across a tungsten arc. The arc heats the hydrogen 
to a high temperature, perhaps 5000° C. Leaving the 
arc, the hydrogen strikes the metal to be welded, raising 
its temperature and melting it. Another factor is im- 
portant in the process. At high temperatures molecules 
of hydrogen fall apart. Each molecule of hydrogen 
becomes two separate hydrogen atoms. To disconnect 
the hydrogen atoms ina molecule requires heat, which is 
provided by the arc. When the hydrogen atoms cool 
below the temperatures at which the molecules fell apart, 
the atoms connect together in pairs again with the evolu 
tion of heat. The relatively cool surface of the metal to 
be welded provides the low temperature necessary for 
atoms to join to form molecules. The heat liberated by 
the junction raises the temperature of the metal. The 
flame in atomic hydrogen welding heats the metal not 
only by imparting its thermal energy, but also by im 
parting the heat of combination of hydrogen atoms. 

The flame in atomic hydrogen welding is unlike an oxy- 
hydrogen flame in which heat is produced by the com- 
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bination of hydrogen with oxygen to form water 

The atomic hydrogen welding flame is not truly a q oe 
it is a stream of heated gas. The flow of hydroge; 
justed to prevent admixture with the surrounding »;. 
On the outer surface of the hydrogen stream combinati-, 
of hydrogen with oxygen occurs, which is essential to 
process only in so far as it prevents oxygen from diffysi: 
far into the hydrogen stream. The metal being w, Ides 
is surrounded by hot hydrogen. Small amounts 
oxide on the steel are reduced to iron by the hy 
No flux ordinarily is required, for there is no oxygen a 
consequently no oxide. The oxides of some metals, sy, 
as aluminum and chromium, are not rapidly reduced 
metal by hydrogen even at high temperatures. | 
these metals, that is, aluminum, magnesium and staj 
less steel, flux is used particularly on the underside of ¢} 
weld to which the stream of hydrogen cannot penetrat 
sufficiently. 


+} 
) Uli 


Oxyacetylene Welding 


Other torch and arc-welding processes usually requi 
flux. In oxyacetylene welding—and the same principles 
apply to other oxy-fuel gas processes—the combinati 
of oxygen with acetylene creates a stream of hot ga; 
consisting of a complex mixture of water vapor, carbo: 
monoxide and other products. If the acetylene content 
of the gas is high before combustion at the tip of 
torch, iron oxide on the metal is reduced. However 
carbon content of the metal is likely to rise. Absorptio 
of carbon lowers the melting temperature of the stee! 
which hastens welding, but also may lower the du 
of the weld metal. 

On the other hand, if the mixture issuing from th 
before combustion is high in oxygen, the weld metal y 
be converted partly to oxide according to the process 
Fig. 37. Carbon will be removed from the melt 
bubbles of carbon monoxide (frothing), the melt 
saturated with oxygen and being covered with a layer 
iron oxide. It is conceivable to so proportion the 
ture of gases in the torch that neither oxidatior 
carburization will occur. The ideal is difficult to reali 
because (1) the welder moves his flame about while 
welding a given area, and (2) owing to infiltration 
into the flame, the gases in the flame become increasit 
oxidizing as they flow farther beyond the inner blue « 

It is difficult to maintain all parts of the weld pudd! 
the same zone in the flame. 

Unlike the atomic hydrogen process, therefore, 
difficult to be certain that the gas coming in contact wi! 
the metal in torch and are welding neither carburizes ! 
oxidizes the metal excessively. That is to say, it is dif! 
cult to maintain neutral conditions. For this reas 
flux is imperative. A common flux is borax, otherwis 
known as sodium borate. Many other fluxes also may 
used, and may consist of a large number of ingredient 

Common borax contains a great deal of water combine 
in crystalline form. The water bubbles off at low ten 
peratures during heating, the borate itself becomuins 
fluid at about 700° C., when the steel is becoming rec 
The borax coats the rod and scarves as a liquid fi 
which prevents access of air (oxygen) to the steel. A! 
iron oxide formed in the melt dissolves in the borax 
which becomes a dilute solution of iron oxide in bora. 
Following basic principles (partition or distribut 
principle), since the percentage of iron oxide in the bora. 
is small, the percentage of iron oxide in the weld meta 
likewise is small. In other words, satisfactory weld meta 
is secured. For a given weld the thicker the borax la 
the lower is its percentage of iron oxide. However, w'! 
a thick layer of flux it is difficult to apply heat to t! 
metal, for the flux acts as an insulating blanket betwe 














: [he thickness of the flux layer on the 
melt depends not only on the amount of flux used, but 
the type of weld, surface tension and vis 


fame and steel 


ils 
SILTY. : 

Impurities, if any, in the welding gases may be ab 
sorbed by the weld puddle. Similar absorption of im 
purities from the flame is observed in open-hearth steel 
making. As the percentage of sulphur in the fuel and 
flame increases, the percentage of sulphur in the metal in- 
reases, again in accordance with the partition prin- 
ciple. In one process of torch welding flux is added 
through the flame by passing the fuel gas through a satu 
rated solution of borax in alcohol. Alloying elements 

the filler rod may influence fluxing. For instance, if 
the rod contains silicon (say, 0.75% Si), it oxidizes in the 
melt before iron itself. The silicon combines with any 
xygen in the melt to form silicon dioxide (silica 
SiO.). The solid silica rises to the surface of the melt 
and dissolves in the borax. Aluminum (about 0.25% 
also has been added to filler rods. The oxidation of the 
uluminum in the rod purposely is favored by maintaining 
an oxidizing flame. The heat liberated by the oxidation 
if the aluminum hastens welding (‘‘activated’’ welding of 
mild steel). The use of a strongly oxidizing flame for 
steel is not countenanced under any other circumstances 
For brass welding, on the contrary, an oxidizing flame is 
necessary to maintain a film of zinc oxide over the melt 
through which zinc cannot evaporate. With a reducing 
flame there is no oxide film on the melt. Zinc evaporates 
from the melt in the same way that gasoline evaporates 
from a heated pan. On contact with air the evaporated 
zinc burns to a powdery oxide which is useless to prevent 
loss of zinc by evaporation from the melt 


ct 


Carbon Arc Welding 


Phe flux requirements for carbon arc welding are inter 
mediate between those for gas welding and metal ar: 
welding. The carbon arc is drawn between the carbon 
electrode and the metal to be welded. Like any other 
welding arc the carbon arc consists of ionized particles 
of electrode and of metal to be welded. ‘Ionized par 
ticles’’ are atoms that have lost an electron. They have 
short lives and exist only in the arc, to which, by their 
extremely rapid motion, they impart the characteristic 
of high temperature. For high temperature is nothing 
more than rapid motion of atoms, molecular or ions. Be- 
sides ions of carbon and metal, there are substances it 
the are derived from the air, such as the unstable com 
pound CN, and the oxides of carbon. The concentration 
of oxygen in the carbon arc is believed to be highest at 
the surface of the arc, lowest at the center. In this re 
spect the arc resembles a flame in air. In principle, 
though not necessarily to the same degree, the identical 
difficulty is encountered in providing a neutral atmos 
phere around the weld puddle in carbon arc welding as 
in oxyacetylene welding. Too long an arc has a relatively 
oxidizing atmosphere, whereas with too short an are the 
weld puddle may absorb carbon, apart from purely 
manipulative characteristics of short and long arcs, and 
apart from the effects of magnetic fields in contracting 
the stream of ions constituting the arc. 

Flux commonly is applied to the edges of sheets to be 

arbon arc welded, the flux performing the same func 
tions as in gas welding. At this point it should be clear 
that the heat in arc welding is generated and delivered 
to the metal by a gas which surrounds the weld puddle 
Che flux problem therefore is not essentially different in 
sas welding (flame welding) than in arc welding. How 
ver, besides spreading flux on the edges to be welded 
and on the filler rod, if any, carbon arc welders have 
gained control over the composition of the atmosphere 





surrounding the weld puddle. In gas welding the com- 
position of the welding atmosphere is controlled by 
varying the mixture ratio at the torch handk In carbon 
arc welding undesirable gases (oxygen) in the arc are 
removed by inserting a string of combustible material 
Che combustible material combines with the oxygen, 
converting it to a gas that is not soluble in steel. If the 
string is paper, it burns to form water vapor and mainly 


carbon monoxide, which are relatively inert to steel 
compared with oxygen itself in carbon are welding. The 


string is fed into the upper part of the arc, w 
narrowest part and in which contamination by air 1s most 
serious 
bon arc, the combustible material protects the weld 
puddle from oxidation and may permit welding to br 
performed without flux 


By removing uncombined oxygen from the car 


Bare Electrodes 

Although flux frequently is used for carbon are weld 
ing, flux is not used when the electrode is a bare steel 
rod instead of carbon, with the exception of the union 
melt process. Arc welding with ba 
preceded the use of covered electrode The are be 
tween the steel plates to be welded and the bare steel 


| 
re steel electrode 


electrode consists partly of iron ions as a gas various 
degrees of excitation. The rapidly moving iron ions 
impart their energy to the metal as well as to the air 
the arc space. The air passing through the are is cot 


verted probably to a great extent from molecular t 
atomic nitrogen and oxygen, in the same way that atom 
hydrogen is created from molecular hydrogen by passagt 


through a tungsten ar Atomic (active) nitrogen ha 
been found to assist in melting metals in about the sam 
way as atomic hydrogen. Large drops of molten metal 


7 
| 
from the electrode periodically short circuit the ar Che 


weld puddle reaches a high temperature at which it 


dissolves comparatively large quantiti en and 
nitrogen from the atmosphere constituting the ar 
Molten steel is able to dissolve increasing amount 
oxygen and nitrogen as the temperature is raised 

The beads deposited by a bare electrod ire char 
acteristically thin Therefore, they freeze very rapidl\ 
particularly in the absence of an insulating blanket 
slag. From the high temperature of the globules passi1 
across the arc, the small weld puddle from a bare electrode 
freezes in a second or so. During slow cooling the steel 
would become supersaturated in oxygen and nitrogen 
he latter would be evolved as gas bubbles, the former 
as iron oxide, which would rise to the surface of the 
puddle During rapid cooling, on the contrary, th 
oxygen and nitrogen are retained i: upersaturated 


Che iron oxide formed by the oxygen ha: 
time to rise and remains disseminated throughout the 
weld metal as tiny globules. Some oxygen remain 


solution 


solid solution to create undesirable aging effects ar 
brittleness. Nitrog 
solution in the metal during rapid cooling. It may ap 
pear as nitride, Fes,N which again may destroy ductility 
lo show that it is the rapid cooling that accounts for th 
large quantities of oxygen and nitrogen in bare electrode 
weld metal, it is sufficient to remelt some in a neutral 
atmosphere. The oxygen and nitrogen are evolved dur 
ing remelting, the remelted weld metal being as free 
from oxygen and nitrogen as remelted wrought steel] 


en, too, 1s retained in supersaturate: 


Any metal exposed to any gas retains a maximun 
amount (saturation percentage of the gas in soluti 
the amount depending in each instance on the pressure 


and temperature of the gas 
luting it with another gas B, the meta 
evolves some of gas A but absorbs some of gas B \t 


first sight it may seem impossible to free weld metal 


reduced by di 
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from gas by dilution, because some of gas B would be 
dissolved to replace any of gas A that was evolved 
However, some gases are nearly insoluble in steel. In 
fact, only oxygen, hydrogen and nitrogen are soluble 
to any extent. To reduce the oxygen and nitrogen con- 
tent of metal deposited by bare electrodes, we are not 
restricted to delaying its freezing. We may dilute the 
arc atmosphere around the weld puddle with gases 
that are practically insoluble in steel. If the atmosphere 
is diluted by carbon monoxide, for example, so that the 
atmosphere consists of 90% carbon monoxide, 7% nitro- 
gen, 3% oxygen, there will be little oxygen and nitrogen 
in the weld metal. In atomic hydrogen welding the 
hydrogen dilutes the air to a point at which practically 
no air is present. One of the objects of coating an elec- 
trode is to provide conditions favorable for a neutral 
atmosphere. 


Covered Electrodes 


Had borax or similar fluxes been used on the scarves 
with bare electrodes as with gas and carbon arc welding, 
the need for covered electrodes may never have arisen. 
It turned out that covering the electrode was the only 
economical means of applying flux to the long seams that 
were arc welded by the metal electrode process. To 
spread flux on the scarves and rod would have robbed the 
bare electrode process of its chief advantage: rapidity. 

Bare electrodes have been replaced almost entirely 
by covered electrodes. Covered electrodes are steel rods 
coated with a suitable solid flux by extrusion, dipping or 
wrapping. The coating performs dozens of functions, 
of which only a few need be mentioned. When the elec 
trode is melting, heat is concentrated on the steel rod, 
and spreads to the coating by conduction. Consequently, 
although the coating mixture generally melts at lower 
temperatures than the steel rod, the rod melts ahead of 
the coating which forms a cylindrical shell around the 
upper part of the arc. Since the major part of the air 
sucked into an are enters through the upper part of the 
arc, the function of the coating as a shell is valuable. 
In the Lessel copper electrode the shell may be an inch 
long, the arc being almost entirely shielded from the air. 
Flux-covered carbon electrodes for carbon are welding 
never have been successful because the electrode is con- 
sumed too slowly. 

Electrodes in which the flux is in a central hole through 
the steel rod, so-called cored electrodes do not deposit 
metal so free from nitrogen and oxygen as covered elec- 


trodes. Yet the cored electrode weld metal contains far 
less of these two elements than bare electrode weld 
metal. The function of the flux as a liquid blanket over 


the weld metal therefore is important too. The flux melts 
from the electrode and gathers as a liquid blanket on 
all parts of the weld puddle except at the arc spot. The 
weight of the coating is generally only about 5% of the 
weight of the core rod, and so the flux absorbs only a 
small part of the heat evolved in the arc. The slag on the 
weld puddle in downhand welding appears to be pushed 
ahead on the scarves by the advancing are and dis- 
solves any iron oxide (scale or rust if not excessive) on 
them. 

The slag on covered electrode weld metal serves the 
same general purposes as in other welding processes. 
Whereas the slag on bare electrode weld metal is thin, if 
any, and consists of iron oxide, the iron oxide in slags 
on covered electrode weld metal is combined as iron 
silicates, which have lower melting temperatures than 
steel and, unlike iron oxide, are insoluble in molten steel. 
The slag being insoluble, none is dissolved in the weld 
metal; that is, the weld is free from slag, unless some is 
trapped mechanically Mechanically entrapped 


slag 
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has several sources. The coating at the end of th 
trode may chip, owing possibly to gas evolution, sh 
or inversion of silica. The pieces of coating may dro, 
into, and remain in the solidifying weld. Another soy ™ th 
of mechanically entrapped slag is slag on precedi; ; 
beads through which the electrode has failed t 
particularly in undercuts. t 
Many covered electrodes rely primarily on combustjb| tu 
material in the coating. The products of combust; pt 
dilute the arc atmosphere to so great an extent that 
contains practically no nitrogen and uncombined oxyg 
A very thin slag blanket or none at all is formed by thes 
electrodes, which are easy to manipulate in overheag 
welding. All organic compounds boil below about 60 











C. When the are approaches them, they become gage; it 
that dilute the arc and combine with oxygen at the outer in 
surfaces. In this way the gases prevent ingress of w p 
combined oxygen to the center of the weld puddk m 
The combination of oxygen with hydrocarbons yields . 
water vapor and oxides of carbon. The expansion of t! w 
gases from the coating exerts a jet action to drive aj S| 


from the vicinity of the arc. g 

combustible materials appear together in some coatit 
to provide protection from oxygen and nitrogen throug q 
both dilution and blanketing. 


Both slag-forming a u 


Resistance Welding 


Resistance welding is characterized by absence of flux I 
Notwithstanding, slag is produced in flash welding 
which consists of three stages: preheating, flashing 
upset. During the flashing period the preheated e1 
of the bars are drawn apart to form an arc, which melt 
the surface and coats the ends of the bars with a | 
of molten steel. At once the ends are brought cl 
together. The liquid films merge. Upon th 
being drawn apart again, the liquid bridge betwee 
ends becomes thinner and reaches the boiling point wit 
explosive rapidity. The burst of gaseous metal |! 
some of the molten metal as flash into the air. Meanw! 
air penetrates between the ends and oxidizes the m 
metal. During upset the oxide is squeezed out 
flash welding is improperly performed, some ox) 
rich metal remains at the joint. 

When sheets are spot welded, on the other hand, pr 
sure is maintained at all times. Air cannot reach 
molten metal which forms within the contact area 
circumference of solid metal surrounds the molten cente: 
of the weld. In the event of gas evolution withi 
spot weld, some of the molten metal may squirt out 
tween the sheets. If the sheets initially are free fr 
oxide, the weld likewise is free, but should there be s 
on the surface, it may contaminate the weld or may react 
to some extent with carbon in the steel to form blow 
holes of carbon monoxide. The pressure of the gas ma 
act to offset indentation or to favor squirting. Occasi 
ally, oxidation during the spot we'ding of metals sensi 
tive to oxygen is prevented by welding under water 
by circulating a neutral or reducing gas between 
sheets. The solid circumference around the molt 
interior of a spot weld may join by pressure welding 
(growth of solid crystals across the interface) without t 
aid of liquid metal. 

Forge welding consists of heating the surfaces t 
joined, placing the surfaces in contact, and hammering 
them together to form a weld. The scarves, as the 
faces to be welded are called, generally are heated 
fire that causes oxidation. It is true that a carbur 
forge fire will create a liquid layer of high-carbon, 
oxygen metal on the surface which may facilitate welding 
However, the carburization usually leads to brittleness 
and is difficult to control. The oxidizing fire creat 
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| film of iron oxide. Sand is used as flux and dilutes 
the iron oxide by forming silicates. As a result less oxy 

a 1iffuses into the steel than without the flux. Wher 
the solid surfaces are hammered together, the fluid slag 
. squeezed from the joint more or less completely 
rhe adaptability of wrought iron to forge welding lay in 
th silicate slag (2% by weight) of low melting tempera 
ture contained in the metal. The slag acted as flux to 
nrotect the hot iron surfaces from the air (oxyge1 





PROPERTIES OF FLUX 


he numerous requirements of a welding slag apart 


eability to gases, only a few of the more 





trot Wwnperm 
rtant need be considered in detail, namely: melting 
int, density, viscosity and surface tension he slag 
must not freeze at higher temperatures than the weld 


metal, otherwise slag freezes on the scarves ahead of the 
weld metal. The weld metal, being unable to melt the 
slag layer, cannot perform its function of welding with 
ig base metal. The slag also must be less denss 
than weld metal for obvious reasons. The density re 

juirement is easy to meet in welding steel, but the density 


f a flux for the light metal magnesium is the most serious 


underly1 


1 
if 


consideration 

Viscosity is the force required to move one of two 
parallel plates at unit velocity, the plates being separated 
by a unit thickness of the liquid under consideration 
Molasses flows downhill slowly and therefore has high 
viscosity Water and mercury flow downhill rapidly 


Wil 


hill 


Fig. 389—Cross Section of a Weld Melt Showing Four Stages in Solidifica 
tien with the Formation of a Worm Hole (See Fig. 45 of Vol. I) 





ind have low viscosity. Fluidit the erse of vis 
ity. High viscosity signifies low fluidity. Liquids be 


come more viscous and less fluid as the temperature 


. “7 
lowered. Steel a little above the melting range has about 


the same viscosity as water at room temperature Phe 
viscosity of weld metals and slag is expressed in qualita 
tive terms: creamy or watery, thick or thin 

[f flux and slag have high viscosity at the temperatures 
of welding, they will be sticky and will flow slowly 
Molecules cannot move rapidly in a viscous slag. Hence 
they will react to only a small extent with the weld 
metal and on the other hand, providing they cover the 
melt, will be quite impermeable to gases from the atmos 
phert Che outer surface of the slag may di lve oxvgen 
which, however, will diffuse ver through th 
lag to the weld metal Too low undesirabl 
lor overhead and vertical welding, for the slag will driy 
Experience shows that heavy) lag « whether 
high or low viscosity cannot be manipulated in thes 
positions. However, a slag of high viscosity, usually ob 
tained by maintaining a cold melt (low current il 


advantage in overhead welding 


Weld metal also must have high viscosity in over 
head welding Che high viscosity again is secured b\ 
preventing the temperature of the melt from rising far 
above the melting rang High viscosity weld metal 
entails slow rise of gas bubbles or slag inclusions from 
the melt. Raising the temperature of weld metal lowers 


its viscosity, which favors rise of gas bubbles and slag 


inclusions. However, the high temperature favors solu 
tion of gases, which are not evolved until the tempera 
ture has fallen to that of high viscosity. ( equently 
porosity 1s not avoided by raising the temperature of the 


weld melt, except in so far as high weld temperatur: 
7 


involves slow cooling. Decrease in weld: peed 1s al 
excellent preventive of porosity rtunately, the larger 
the particle, the faster it rises; but it must be remembered 
that whereas gas bubbles and liquid particles can coa 
lesce, solid particles usually cat t Any cavity or 
clusion weakens a metal, because the str in the in 
mediate vicinity is at least twice the str comput 
without consideration of the cavity 

lhe gas holes in weld metal generally are sphe il 


They have detached themselves from the crystal 
which they formed and have started rising to the surface 
Cheir rise was less rapid than the growth of the crystal 


Sometimes blow-holes with several « strictions (worm 


4 


holes, see Fig. 45, Vol. I) are found Their mode of 
formation is illustrated in Fig. 39 At the blow-hole 
has formed on a growing crystal, but has not detached 


itself perhaps because other crystals are above, or the 
melt is stagnant and no other bubbles are rising to create 
a liquid current rhe crystals have grown partly around 
it at (6) when a new evolution of ga curs enlarging 


the bubble beyond the constriction at Several con 


strictions thus may occur (d H ty of weld 
metal obviously favors worm holes by discouraging the 
rise of bubbles 

When the metal freezes thers in abrupt change in 
its viscosity Tiny crystals with regular arrangements 


ot atoms or planes, like package helve replace the 
liquid in which the atoms are distributed at random, 
like packages in a mail sack. The crystals grow in pre 

ferred directions until they can grow further and come 
into contact with other growing crystals to form the 


polycrystalline metals which we weld The crystals 
grow perpendicular to lines of equal temperature, called 
isotherms, in the weld. Three sections of a typical weld 


deposit are shown in Fig. 40, which illustrates growth of 
the crystals of weld metal at right angles to the iso 
therms of solidification (see Fig > and of Vol. I 
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a) Three views of the crystals in 4 single-pass weld The crystals grow in the dire 
» perpendicular to lines of equal temperature during solidification 


) 


b) A backing strip may exert a chilling action and may cause the growth of crystals 
vertically upward at the root of the bead 


Che crystals exhibit plasticity rather than viscosity 
lo move adjacent crystal planes over each other an 
initial ferce (yield stress) is required, in contrast with the 
liquids. 

The slag may reach room temperature wholly or 
partly without crystallizing. During cooling the atoms 
distributed at random in the liquid slag become more and 
more difficult to move; the liquid becomes more and 
more viscous. Yet with rapid cooling no crystals may 
appear in it, or crystals of one or two substances only 
will appear. The atoms in the slag at room tempera- 
ture thus are distributed at random, although not ex- 
actly random either, for the atoms of many liquids have 
characteristic arrangements, if not of the rigid sort mani 
fested by crystals. Indeed, we seldom see the true struc- 
ture of the weld metal as it existed in the first stages of 
freezing because later crystal transformations obliterate 
it. The columnar crystals we observe in the usual 
micrograph are ferrite and pearlite derived from aus- 
tenite, which in turn has grown from delta iron crystals 
that were probably quite angular. 

Surface tension, the force required to break a unit film 
of the material by stretching, is another property of 
welding slags and weld metals which, like viscosity, we 
can discuss only in qualitative terms for lack of quanti- 
tative measurements. Atroom temperature mercury has 
high surface tension. Globules of mercury coalesce 
rapidly but they do not penetrate crevices readily, nor 
do they wet many materials. Water, on the contrary, 
has low surface tension, wets many materials, penetrates 
the slightest crevice in a leaky pot. Mercury can be 
held in a handkerchief, while water passes through the 
holes in the mesh of which the textile is composed 
Molten metals have relatively high surface tension; for 
example, mercury at room temperature. Molten iron 
has about 20 times the surface tension of water at room 
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temperature. In general, the surface tension decrease 
a little as the temperature increases. Adding a sm, 
amount of alloying element of low surface tensio; 
another metal lowers the surface tension considera} 
more than the corresponding rise in surface 
caused by adding an alloying element of hig! 
tension. 

Lowering the surface tension of a metal increases | 
ease with which it breaks up into minute drop! 
In fact, the mass of a globule passing through the w: 
ing arc is said to be directly pre portional to its su 
tension. Whereas large globules cause short cireyj 
fine globules do not. Higher melting rates accru 
decreasing the size of the globule through additi 
alloying elements of low surface tension. The de 
in surface tension as temperature rises is not, howe 
the complete explanation of the crater beneath a weld 
are. 

The surface tension of weld metal is not exhibit, 
when it is covered with oxide or slag. Oxide skins oft; 
raise the surface tension. Thus, a solid skin of alumina 


raises the surface tension enormously and prevents wet 
ting. Slags with low surface tension improve the wetting 
properties of a metal. Concave beads are deposited by 
hot electrodes (high temperature of weld metal signifies 
low surface tension) with slags of low surface tension that 
permit the weld metal to wet the surface of the steel and 
spread over it, entering any crevice at the root. Th 
slag breaks up into fine droplets and forms an emulsior 
with weld metal. Slags with high content of titaniun 
oxide (TiO) or fluorspar have extraordinarily low sur 
face tension, which is said to discourage undercutting 
The fine droplets of slag in the emulsion expose a larg 
surface for reaction with the weld metal. A fine 
persion of Al,O; particles in the metal lowers the surfa 
tension (but raises the viscosity) and so favors evoluti 
of carbon monoxide by providing nuclei for bubbles 
surface tension. Hence, the bubbles, although formed 
earlier than in melts of high surface tension, will 
smaller and will rise more slowly. 

Besides viscosity and surface tension, many other r 
quirements may be placed on the coating. It should 
contain no injurious impurities, such as sulphur. It 
may be required to contain compounds of elements suc! 
as sodium and potassium to stabilize the arc. Sm 
quantities of these compounds suffice to stabilize 
arc; if stabilization is the only function of the coating 
it may be exceedingly thin. The arc may require stabil 
zation even in the absence of arc blow, as in A.C. a! 
welding. In one sense a stable arc is one which is n 
extinguished if the electrode is moved rapidly, for ex 
ample, in the flicking motions of vertical welding. The 
are stabilizing compounds supply special ions to the ar 
and generally exert no effect on the coating or slag, whic! 
carries no current itself. 

Often materials must be present in the coating t 
permit its satisfactory extrusion or to protect organic 
material from decomposition during storage. Some « 
these additions play no metallurgical réle; others do 
For example, waterglass, the common binder, is sodium 
silicate combined with water. The silicate may be the 
source of silica of which the welding slag later ma) 
contain large quantities. The silicate, besides acting 
as a binder during extrusion, is also taken advantage 
as a constituent of a slag containing iron, manganese 
and other oxides having suitable melting range 
characteristics. The slag should have a different co 
efficient of expansion from the weld metal to facilitate 
rapid removal, which also is favored by a smooth deposit 
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jet moves forward it thins the oxide film on the surface 
iit of the kerf. Asa result, oxygen diffuses more rapidly to 
the surface of the steel through the thinned film The 
steel in the surface layer is oxidized to liquid oxide, which 
thickens the film preparatory to another forward motion 
TORCH of the torch. Of course, the forward motion of the torch 
t — is steady and the progressive thinning and thickening ol 
the cut may be considered as a continuous, wave-like 
a enna process. Oxygen cutting also may be regarded as a 
process in which iron atoms dissolve in the oxide and 
move to the surface where they attract additional oxy 
gen atoms from the oxygen jet to the oxide film. If 
oxygen cutting were performed in a room full of oxygen 
instead of air, the plate would burn entirely to oxide 
once the torch had heated one spot to the ignition tem 
. Ss \ perature 

“te Iron is the only metal whose oxide has the requisite 
properties for oxygen cutting. Stainless steel, cast iron, 
[ee La eo Se ee aaa ae ee nickel, copper and other metals may be cut with a torch 
Fig. 4I—Three Schematic Views of an Oxygen Cutting Torch Making « by melting without significant formation of oxide. In 
Cut in Low-Carbon Steel either process, oxygen cutting or flame cutting (are or 
The kerf is magnified greetly torch), there is a heat-affected zone similar in characteris 

et Dotted line = Outline of oxygen jet tics to the heat-affected zone created by welding 


Film of liquid oxide on kerf 
Spray of cutting slag blown by jet from lower edge of kerf 
Arrow shows direction of motion of the oxygen cutting torch 


Questions 
lat |. What characteristic of weld metal will assist it to 
Leaving the weld melt but returning to Fig. 37, we penetrate fine crevices or permit it to bridge a poor fit 
find therein a hint about the metallurgy of oxygen cut- up? What characteristic is necessary to secure a con 
ting. The preheating flames raise the temperature of the cave fillet or to prevent dripping in overhead welding 
in steel at the start of a cut. Oxygen from the cutting Distinguish among viscosity, fluidity and surface tension 
jet combines with the iron. The combination evolves 2. Why do bubbles of carbon monoxide form in some 
1g heat which further raises the temperature. Inresponseto weld melts during solidification? How can they be pre 
mt the rise in temperature the combination of oxygen with vented? 
iron becomes more rapid until the temperature exceeds 3. What conditions (properties of slag and metal, 
the melting point of the oxide. The steel in the kerf motion of puddle) favor slag’ inclusions in weld metal? 
then is coated with a film of oxide, the diffusion of oxygen What effects may be produced during the deposition of 
. through the film to the steel, Fig. 41, resembles the proc a bead through failure to remove slag from the preceding 
o} ess illustrated in Fig. 37 (d). The liquid oxide is bead? 
ed driven downward partly by gravity, mainly by the im 1. What are the sources of heat in oxygen cutting 
pulse of the jet, for overhead cutting is feasible As the Of what does cutting slag consist 


id Pp 1] . of the degree to which the manufacturing of welded tub 
it rope eT Shatt Tubing ing has been perfected in recent years 


Phere is one quality of welded tubing which is inherent 


Takes Severe Test in the manufacturing process and which makes its us« 


for this application particularly advantageous Chat is 
g concentricity Che wall of the tube is formed from cold 
By H. S. Card’ rolled strip steel which is uniform in thickness to a very 


high degree and this automatically results in the produ 

. WOULD be difficult to locate a use for steel tubing “0% 0! 4 tube which has a practically perfect concentric 

. where the strength requirements are more exacting es after be Wey welded —_ sized es 
: than in the case of propeller shafts which transmit the saa i : gabe culy oor ote qaistt ing 1 OF Mass SO that 
driving force of the engine to the rear axle in automobiles, tere 1s no undesirable “‘whip” when the tube is rotating 
buses, trucks and tractors. This will probably appear as at high speeds \ll this 1s conducive to a smooth pet 

a new thought to many who have looked upon the lormance which is easy on the mechanism and contributes 
specifications for boiler, condenser and heat exchanger  !actor of comfort for the passengers. These things are 
tubing as representing the most severe requirements for ©! 8Teat interest to automotive engineer but they have 

the tube construction. also to consider durability of working parts; therefor 
" In the first place, the propeller shaft tube has to stand the acceptance of these advantages must depend upon th 
| terrific torsional load at high speeds when the motor reliability of the entire structure of the tubular member 
: vehicle is operating normally. Added to this is the fact Phe “ at maONs oe 0 8 2 re pr Doge tage 
. that those loads are often applied very suddenly under “™€ On Ux road and finally wind up in the scrap pil 
af traffic conditions and just as rapidly released for sudden Without ever a sign of distress in the welded propelles 
D stopping. There are ‘aleo mummerces severe overloading shaft is good enough evidence that autom tive enginee! 
r conditions when driving in mud, ruts and other uneven have thoroughly investigated this question before adopt 
A road conditions. The wide spread use of electric resist ing electric welded tubes for such an important service 
, ance welded steel tubing for this service is an indication ‘4 €V€" more impressive demonstration, indicating that 
te the safety factor is quite high, can be obtained in current 


rmed Steel Tube Institute, New York, N. ¥ practice of modern tube mills hese mills are operated 
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of welding conditions as long as the mill is in operatio; 
Even this close control is subject to continuous checkir 

of the product itself. At regular intervals short piece. 
of tubing are cut off and tested to destruction. A com 
mon test for mechanical and structural tubing is to ey 
pand one end of the sample with a flaring tool until the 
tube wall splits and to flatten the other end of the samp}. 
in a power press or with hammer blows. It is a standard 
requirement that under these tests the weld area sh r 
show no sign of distress. 










































Mill operations on propeller shaft tube usually hay, be 
the effect of reducing instead of increasing the diam: ter 
A typical shaft is formed from a piece of 2-in. tubing ” 
0.065 in. wall thickness, 58 in. long. At the ends this is o 
swaged so as to taper down to 15/s in. diameter, 5 in. long . 
This straight section is later expanded cold 0.010 in “wd D 
driving in a steel plug. u 

Although the normal forming operation here is not i al 


itself a severe test of the weld area, the set-up is such that 
an extremely interesting test is obtained by loosening the 
die and allowing the tube to be pushed longitudinally 
against the backing die until it wrinkles. The piece illus- 
trated has been subjected to this treatment, producing 
four closely spaced wrinkles concentric with the tub 
The outside diameter of one of these wrinkles is 3!"/,, in 
compared to 2'*/i5 in. O.D. of the original tube. This 
amounts to 31% distortion which is 50% more severe 
under very careful control and supervision. The control than that obtained in the conventional crushing test for 
panels of the welding unit are subject to constant scrutiny boiler tubes. Under this severe test there wer 
and recording devices are used to keep a complete record cracks found in the weld area 








A Small Portable Crucible Furnace 
You Can Build 


By Professor C. P. Philpot* 





OST foundries are in need of a small crucible 
furnace for small jobs of melting which now 
L require a large stationary furnace. With the 
simplicity and ease of arc-welded construction, a very 8 
useful portable furnace can be built from standard shapes 
and odd pieces of discarded material for less than $20 
the cost varying according to available materials. 
Simply follow the sketch for assembling and welding 
the furnace. Due to the relatively small size of the D 
finished job, all welds were positioned for down-hand O 
welding. . 
A —5 gal. Kerosene tank fabricated from 20 gage black 


sheet steel by welding. 7 
B —Kerosene control valve. (aL08 sae oy SEY Ones) |_ Ae 0 
C -—!/s in. black iron pipe, end turned at £ to right angle ; 

and welded closed—'/j.-in. hole drilled for orifice. 
D—Blower from old domestic vacuum cleaner—sup 


ports welded to frame M. 
F —2-in. diameter steel pipe clamped to the vacuum 








fa 
cc 





























I -~14-in. diameter fabricated steel wheels. All-welded 
cleaner blower and supported by welding to the construction and mounted on a 5/s-in. steel axl 
frame at O. welded to frame. 

G —*/s-in. x 1-in. flat steel legs welded to frame. J —Open topped steel tank, 3 ft. diameter by 2 ft. high 

H —1-in. diameter steel pipe handle welded to frame. fabricated from '/\s-in. sheet steel by welding and 

- welded to frame. (This tank is later lined with + 


* Forge, Foundry & Welding Dept., Clemson College inches of refractory fire brick—sides and bottom.) 


t 















x —Old truck brake drum for furnace lid—*/;-in. steel 


: rods welded in to reinforce the clay lining in lid. 

8 . x 1 x l-in. angle supports for tank—welded to 
the frame at bottom and the tank at top. 

: 1/, x 1!/, x 1'/2-in. angle iron frame, 5 ft. long, by 
" ° ft. wide, welded at corners and braced by welded 


, diagonal braces. 
9in. diameter steel pipe welded to tank and ex 
tending through the lining into furnace. 

No dimensions are given on the sketch since they may 

varied to fit local conditions and the material at hand 

[he operation of the furnace is very simple. Kerosene 
‘s atomized in a stream of rapidly moving air, and on 

b entering the furnace burns with a flame hot enough to 

melt all of the low-temperature metals and even brass 


iM 


Ne 1 bronze. The furnace itself is portable and may be 
7 used anywhere that a 110-volt current supply is avail 
7 able. 
at 
he 
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RELIABLE JOINTS at High-Speed 


MADE BY THE THOUSANDS WITH 


SIL-FOS an EASY-FLO 


MARINE USES 
OF SIL-FOS 
and EASY-FLO 


Salt Water Lines 

Fresh Water Lines 

Lubricating Oil 
ines 

Fuel Oil Lines 


Low Pressure 






























These silver brazing alloys are 
now Ww idely used on marine work, 
particularly for connecting up all 
kinds of piping systems. Here are 
the reasons their use has spread 


so rapidly— 


TOP SPEED—SII 
FLO are 
alloys. 


FOS and EASY 


fast flowing brazing 


Chey penetrate instantly to 
corner of a and the 


every point 


working temperatures they require 


Steam Lines are only 1300 Deg. F. and 1175 
. Deg. I 
Steam Heating 
Lines 
Hot Water Lines RELIABILITY—SIL-FOS and 
C id W Li EASY-FLO both contain silver 
° ater Lines which, to a great extent, is re 


Sprinkler Systems 
Waste Lines 
Drain Lines 
Hydraulic Lines 
Compressed Air 
Lines 

Refrigerant Lines 
Condenser Piping 
Flanges & Fittings 
Pipe Fabrications 
Expansion Joints 
Vacuum Systems 


sponsible for the high strength 
ductility these alloys give. 
Joints are unaffected by vibration, 
shock, wide temperature changes 
and many kinds of corrosion— 
they're joints — the 
kind that’s needed aboard ship 


and 


permanent 


Both of the alloys are included 
in Navy and Federal specifications 
and are used on a wide variety of 
government Get all the 
facts about their speed and reli- 
ability—and economy too. Write 


us for Bulletins WJ-5 and WJ-9 


work 
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PRESIDENT'S MESSAGE 


We have emphasized the educational 
functions of the Society as being of the 
greatest importance. All sections have 
laid out their annual programs largely for 
this purpose During the past few months 
some sections have developed special 
programs or conferences with one and 
two day sessions 


{mong important programs are 


rri-State Regional Conference, spon 
ored jointly by the Pittsburgh Section 
and the Engineers’ Society of Western 
Pennsylvania, held at the Mellon 
Institute 

The Kansas City Conference, spon 
ored by the Kansas City and Wichita 
Sections, held in the University of 
Kansas 


[he Michigan Stat Coll ge Conference, 


eld under the auspices of the Colleg« 
with the cooperation of the Detroit 
Section 

The Annual Symposium of the Clev 


land Section 


Wisconsin Engineering Conference—a 

activity of all engineering and 
hnical societies in which the Mil 
waukee Section 1s participating 


Ihe Massachusetts Institute of Tech 
nology Conference, in cooperation with 
the Boston Section 


[hese conferences have been well at 
tended and received well merited support 
because of the high level of the technical 
contributions mad 

It is especially fitting that these con 
ferences be held at our Engineering schools 
Not only is the school making a contribu 
tion to industry in organizing good tech 
nical programs but industry is making a 
contribution to the school It is im 
portant that our engineers be trained with 
an understanding of how industry carries 
on its engineering development work, that 
they appreciate that their textbooks indi 
cate the state of the art for yesterday 
not for today—and that they be given a 
mental outlook that fits them to carry on 
for tomorrow 


CONVENTION COMMITTEE 


rhe Convention Committee has held 
several meetings with the Philadelphia 
group to arrange the details of the Annual 
Meeting to be held in Philadelphia during 
the week of October 19th. A _ recent 
meeting was held at the Bellevue-Strat- 
ford Hotel, Society headquarters, on 


April 21st. There was a relatively large 








ACTIVITIES 


ng Si 


attendance including members of the 
Convention Committee, members of the 
National Program Committee and repr 

sentatives from the Philadelphia Section 
Although it is too early to announce all of 
the details which are receiving considera 
tion, we can assure the membership that 
this will be the most interesting meeting 
held in the Society’s history Special 
plans are under way for the President’s 
Reception, Annual Dinner, Ladies Enter 

tainment, publicity and exhibits. A de 

tailed tentative technical program is given 
elsewhere in THIS JOURNAI The Society 
is greatly indebted to the Philadelphia 
Section and its numerous committees that 
are in charge of the local arrangements for 
the one hundred and one details that are 
necessary to insure the success of these 
meetings 


1941 (FORTY-FOURTH) A. S. T. M. 
ANNUAL MEETING 


Sixth Exhibit of Testing Apparatus and 
Related Equipment 


technical sessions 
are being scheduled for the Forty-Fourth 
Annual Meeting of the American Society 
for Testing Materials to be held at The 
Palmer House, Chicago, during the week 
beginning June 23rd and_ extending 
through Friday, June 27th This num 
ber of sessions is necessary for the presen 
tation of the 100 technical papers and re 
ports and to provide time for discussion 
The Sixth Exhibit of Testing Apparatus 
and Related Equipment will be in prog 


Some 17 separate 


ress; the society sponsors these exhibits, 
every two years, at its annual meeting 

here is also being sponsored the Fourth 
A. S. T. M. Photographic Exhibit on the 
general theme ‘“‘Materials 


Research.”’ 


Testing and 


Separate sessions of the meeting will b« 
devoted to such topics as iron, ferro-alloys 
water, which includes a Symposium on 
Problems and Practice in Determining 
Steam Purity by Conductivity Methods 
non-fe rrous metals two sessions); ce 
mentitious and building materials; steel, 
effect of temperaturé fatigue of metals, 
corrosion; plastics; and concrete and 
concrete aggregates Also being de 
veloped is a joint session with the Western 
Society of Engineers dealing with three 
topics of specific local interest, namely, 
water supply, sewage disposal and sani 
tary conditions; and may involve some 
discussion of materials and problems in 
connection with the Chicago subway 

Throughout the week of the meeting 
some 200 technical committees of the 
society are expected to meet All day 


384 


Related Events 






Monday wil 
meetings he first formal A. S 
session, which is scheduled for 7 
morning, will be featured by the 
of the president, Dr. W. M. Bart 
Chemical and Metallurgical En; 
Union Pacific Railroad Co., who wil 
on a subject of vital concern, 


re devoted 


Speed, Specifications and Safety 


THE GOVERNMENT NEEDS AERONAU 


TICAL AND MECHANICAL ENGINEERS 


The produc tion, de ve lopme nt and 
ing of aircraft and airplane engine 
coming of increasing importance 
National Defense program. Four G 
ernment agencies are now seeking 
fied engineers who can do the criti 
vestigative and research work conn 
with the development of faster, saf 
more powerful airplanes Aerona 
training is especially in demand, alt} 
much of the work now being done a 
quires the services of qualified civ 
chanical and electrical engineers 

The U. S. Civil Service Commi 
announced open continuous examit 
in all fields of Engineering. Appli 
forms (Form 8) may be obtained 
first or second-class post-ofhi 
application, when properly filed 
immediately, and applicants rated elig 
may be certified at once to an appoint 
officer, may be tendered an offer of 
ployment by wire, and may be at w 
within a week of the time of filing apy 
tions 

The Air Corps now employs ap] 
mately 400 professional engin 
Wright Field, Dayton, Ohio, wher« 
of the aircraft testing and developn 
work of the War Department its co! 
trated Many of these engineers 1 
nautical and mechanical fields are e1 
in checking the latest technical dev 
ments in aeronautical research and 
ing and applying them to improved 
tary aircraft. The Air Corps is part 
larly anxious to interest recent engineer 
graduates and senior students in the n 
opportunities afforded at Wright | 
through the testing and checking ol 
latest advancements in airplane et 
design 

The Navy Department now et 
over 165 aeronautical engineer 
Bureau of Aeronautics is charged w 
responsibility for all that relates to 
design, construction, fitting-out, t 
repair and alteration of naval aircraft 
aircraft instruments, equipment and 
cessories 

The National Advisory Committe 
Aeronautics conducts fundamental 
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— Gta ndardizatien 
eee! in WELD TIMERS 


erican Brass Company a7 
co we a ae 202 : 
erican hain & Cable Company Type |, Semi-Automatic 
; rc . Weld Timer 
Borax Compound Company y 








\ an-B essing Lo 4 
Bridae & lron ) 4( 
r Ma hine R W elder ( 4 
te Mineral Co 4 
it 
neral Clectri Co 
p 
hos eral Electri Company 74 & y 
4 
RS Jandy & Harman Company IOS Type 2B, Automatic 
Non-Repeat Weld Timer 
Jobart Bros. Co AY 
|} we gs 4 
nternational | > ; nc 4 
rnat al Nickel Co. In Type 3B, Automatic 
¢ - ) Repect Weld Timer 
vel Manufacturing Company 395 ? 
inde Air Products Company 
, - 
n Electric Co inside Dack ver 
R Malic ry & Co in sYU 
AA n or 
etal & Thermit Corporation * 
j o 
: an. % = 
Jational Carbide Corporatior 388 - 
n T S Pm IQs a 
Jational lime & dignal Corp ; “ 
we 
Page Steel & Wire Divisior SY 3 | 
Resistance Welder Mfrs. Associatior 397 
JUdTe VU C IMpPany 56 
1 i ,f 
CtUIZ-OICKeIS _Lompdany ple 5 
F Type 5B, Automatic 
Inion Carbide and Carbon Corp Repeot Pulsation Weld Timer. 
} tee ( c. cidiiarie J on - 
. Corp. Subsidiar ® Timers for the control of resistance welding machines 
t ' ‘@ are classified in two groups— semi-automatic and auto 
l ( jiomen —O OY 
Aut . matic. Semi-automatic devices control only the Weld 
’ ape | se Flectr 2 MF ( 4 Time and are for use with manual, air or motor operated 


machines having a maintained contact initiating switch 
iutomatic weld timers control the Weld Time plus the 





order and duration of one or more pressure events which 
make up the complete welding cycle. They are used with 


SAVE MONEY B Y WELDING air operated machines equipped with a solenoid oper 
litle ated air valve. 
Jaw Plates, Gyratory and Roll Because _ en — pressure — Ti = re 
are a number of different timer panels requires ELEC 
arena Shovel Teeth, Hammers, tion of one depends upon the kind ot welding mac hine 
ractor Tread Grousers and the nature of the operation 








have been identified by standardized type numbers to 
Yy ™ - / 
M aX N G A N A & formation on specially constructed, high speed welder 
WELDING ELECTRODES, WEDGE d 
APPLICATOR BARS, HOT ROLLED PLATES S () LU R ve = 0 CoO M ete] NY 


with Square D builds a complete line of weld timers that 
facilitate their selection 
W rite for our Welder Control Cat xz. It includes in 
Reg. U. S, Pat. Office. U.S. Patents 1,876,738—1,947,107—2,021,945 contactors as well as timer data 
ll to 13% Manganese Nickel Steel 
STULZ-SICKELS CO Sole 134-142 Lafayette St., 
Producers Newark, N. J DETROIT- MILWAUKEE -LOS ANGELES 
Sold Thru Distributors Only IN CRNROR: SQUARE 0 COMPANY CANROR LIMITED, TORONTO, OWTARiK 














ADVERTISING 








search on the problems of flight Phe 
Committee’s major research laboratory is 
located at Langley Field, Virginia, while 
a second laboratory is partially completed 
at Moffett Field, California. Current 
projects involve investigations requiring 
research in aerodynamics, hydrodynamics, 
aircraft structures and aircraft engines; 
the results of research are available to 
governmental agencies and to those units 
of the aircraft industry that are most con 
cerned. The engineer personnel has in 
creased rapidly in the last six months, and 
when the new Aircraft Engine Research 
Laboratory at Cleveland is completed, a 
still greater number of qualified engineers, 
particularly aeronautical and mechanical, 
will be needed. The present personnel 
includes a total of 340 engineers, of which 
approximately fifty per cent are aeronauti- 
cal and twenty-five per cent are mechani 
cal 

The Civil Aeronautics Authority, which 
is chiefly concerned with the inspection 
and development of non-military air 
transport and airways, also concentrates 
on the testing and approval of develop- 
ments in safety devices, instruments and 
improved designs for all types of aircraft. 
Research is conducted at the Bureau of 
Standards in Washington, D. C., and at 
the experimental laboratory at Indian- 
apolis; studies are made relative to the 
extinguishing and prevention of aircraft 
fires, and an improved system for “‘blind”’ 
landing. At present the Authority is em- 
ploying over 300 engineers, of which over 
twenty per cent are aeronautical 





Airplane engine development has not 
yet reached the stage where little remains 
to be done. The race to improve aircraft 
design is now on an international scale and 
the importance of succeeding in the com- 
petition to develop the perfect plane can 
not be overestimated. New discoveries 
are being made almost daily, and events 
in Europe are furnishing the most exacting 
trial conditions for the application of new 
theories to aircraft. Any new discovery 
may revolutionize some phase of produc- 
tion, if properly applied by qualified engi- 
neers who understand the present prob- 
lems involved in engine and aircraft de- 
sign, carburetion, cooling, accessories, in- 
struments, fuels, lubricants, etc. 

Each of the four agencies mentioned 
maintains research laboratories at which 
the major concern is the development of 
new testing methods to check the effi- 
ciency and practicability of current and 
proposed designs in aircraft and airplane 
engines. New fuels are being studied in 
relation to higher speeds, higher altitudes 
and longer flights. New types of engines 
require new lubricants, new superchargers, 
better carburetion, better bearings. De 
signs are constantly being improved to 
allow speedier, more thorough overhauling 
and easier replacement and repair of worn 
or damaged parts. 

Improvement in the design of aircraft is 
going ahead rapidly. The engineer is 
needed to check and test each new feature 
of design to offset factors of weight and 
strength against speed and guns and ar- 
mor plate. Studies are being made of 








National Type #1540P to #1549P Series Weld-Timer. 


REPEAT ORDERS. 


600 E.MILWAUKEE AVENUE 


At the same time, you have no difficulty Welding metal, 12 
overall, without increasing Transformer Size. 
at the left, is arranged to control both pressure to electrodes, as well 
as the weld, after Pressure has been applied. These timers are daily 
Attracting NEW CUSTOMERS, while OLD USERS still send 
NATIONAL makes friends, and Keeps them 

because it does such a good job 
are No Mystery Circuits, Tubes and Gadgets. 
Plain View, and easily Adjustable. 
the weld circuit, any where from one to 7 times, on each weld 
holds the critical ‘off-time’ between charges down to about one cycle 
This is the Real Secret of Interrupted Spot Welding. 


Write for our New Bulletin #146 


NATIONAL TIME & SIGNAL CORPORATION 





propeller design, engine cowlings 
foil design, to combine greatest speed 
with greatest stability and efficien. 
Improved theoretical design must ’ 
plied in a usable manner to plans r ser 
vice under the uncompromising ¢ 

of modern warfare and modern t: 
tation requirements. It is the 
bility of the United States Civi 
Commission to interest qualified engine, 
in the job to be done, and to furnis} } 
Government agencies with the requir; 
personnel to carry on the progra: 


7 , 
+ 


AIRCO REPRESENTATIVES 


E. H. Anchors, formerly Manager 
the Oklahoma City District of Air Redy 
tion Sales Company, has been app 
Manager of the Birmingham Distr 
Mr. Anchors began his career 16 yea 
ago with the Commercial Acetylene Sy 
ply Company. He was Southern Manage: 
of this company when it was acquired 
Air Reduction. Since that time he ha 
served as Manager at the Atlanta ar 
Oklahoma City District Offices 

M. G. Wicker, formerly conn 
with the Baltimore office of Air Redu 
tion Sales Company, has been appoint 
Manager of the Oklahoma City distr 
Mr. Wicker’s eleven years with Ai: 


have given him wide experience in 
oxyacetylene welding and cutting 
dustry. Prior to this new appointmer 


Mr. Wicker served in the Birmingha 
Atlanta and Baltimore 
Reduction 


offices 


IT'S A GOOD PLAN 


TO PUMP THE HEAT THROUGH 


Your SPOT WELDED JOINTS 


National Interrupted Weld Timers 
Prevent Burns 
Eliminate Flash Marks 
Double Electrode Life 


Reduce Current Consumption 


Even on Ordinary Automobile Body Sheets, 
CHEVROLET has found This Timer Highly Satisfactory 


thick 


The timer, illustrated 


in such a simple manner. There 
Everything is i 
Cam D (with notches) interrupts 
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TO ELECTRODE BUYERS 


ORDER ELECTRODES WHEN YOU ORDER STEEL! 























= manufacturers, along with many others 
J having a part in defense production, are faced’with the problem of maintain- 
ing the prompt deliveries to which customers are rightfully entitled. 


As a whole, considering the fact that the quantity of electrodes now being 
consumed monthly in this country is practically double what it was a year 


ago, deliveries are remarkably prompt. 


But there are still cases in which shipments cannot be made as quickly as 
desired—and future developments may cause even further delays. 


on 7 
Because of these conditions we earnestly urge all users of electrodes to order 


electrodes when they order their steel. Requirements are generally known 
at that time and by ordering without delay embarrassing delays due to elec: 
trode shortage may be avoided. 





The unprecedented increases in industrial production make it essential tha 
welding speed be stepped up to the maximum. The Murex engineerinc 
department, with its wide experience in shop practices and welding proce 
dures, will be glad to consult with you. No obligation. 





METAL & THERMIT CORPORATION 120 BROADWAY, NEW YORI 


ALBANY « CHICAGO e PITTSBURGH « SO. SAN FRANCISCO #« TORONT( 


ELECTRODES 














HEAVY EQUIPMENT 








AIR CORPS NEEDS MORE PROCURE- 
MENT INSPECTORS 


No small part of the work of securing 
faster, more powerful and safer airplanes 
and equipment is the inspection of air 
raft materials goggles, 
amera lenses, instruments and all other 
equipment must be inspected by 


Parachutes, 


compe 
well-trained men 

examination 
some time ago, the Civil Service Commis 


sion has been seeking experienced men for 


Through an announced 


procurement inspector positions in the 
Air Corps of the War Department Che 
Commission has not been able to obtain 
On the 
contrary, the needs have been extended 
to other fields than those in the original 
announcement Five new fields in which 
persons may qualify have been added, 
Aircraft, engines, 
instruments, parachutes, aircraft propel 
lers, gages, radio, aircraft 
miscellaneous materials, textiles, fur-lined 
clothing and optical 

In general, mechanical experience, 
which may include apprenticeship, is r¢ 
quired in the field applied for For only 
four options (aircraft, parachutes, pro 
pellers, and aircraft materials) need this 
experience be specifically on aircraft 
College courses in engineering 
may be substituted for part of the ex 
Applicants will not have to 
take a written test, but will be rated on 
their experience and 


enough men for these positions 


and the options now are 


tools and 


materials. 
perience 


education For 


details concerning the amended require 
ments 


applicants should consult An 


—fCarbide—— 


DEPENDABLE 








nouncement No. 6-249 Revised of 
22, 1941 

Original appointments will be made at 
salaries ranging from $1620 to $2600 a 


April 


year. Opportunities for advancement are 
excellent Applications may be filed 
until further notice with the Secretary of 
the Board of U. S. Civil Service Examiners 
at Wright Field, Dayton, Ohio 
persons are 


Qualified 
urged to apply for details to 


the Secretary at Wright Field; to any 





first- or second-class post office; to the 
U. S. Civil Service Commission, Wash 
ington, D. C.; or to any of the Commis 
sion’s District offices 

OBITUARY 


Dr. Otis Ellis Hovey, distinguished civil 
engineer and bridge designer, who was on 
of the world’s foremost authorities on 
movable bridges and the director of The 
Engineering Foundation, died in Doctor’s 
Hospital, New York City, after an illness 
of two months. His age was 77 D1 
Hovey had been treasurer of the American 
Society of Civil Engineers since 1921 and 
an honorary member of the society since 
1937. His home was at 425 Riverside 
Drive. He had a consulting engineering 
office at 11 West Forty-second Street and 
an office at the Engineering Foundation, 
29 West Thirty-ninth Street, New York 

Dr. Hovey was author of a two-volum« 
work, “‘Movable Bridges,’’ published in 





1926-27 


It is a standard referencs 





Otis E. Hovey 


various types of movable bridges 
Born April 9, 1864, in East Hardwick, 
vt, 2 


Jabez 
Mrs 


He w: 


as 


Wadsworth 
Catherine 
graduated 


Hovey was the son of the lat 


from 


Hovey and the late 
Montgomery 


He vey 
Dartmouth 


College in 1885 with a B.S. degree and re 


ceived 


School of Civil Engineering, 
in 1889. He served 


a 


College 


SFFICEisCentT 


ECONOMICAL 


FOR WELDING and CUTTING 


Liacoln Building 





Use National Carbide in the Red Drum 
NATIONAL CARBIDE CORPORATION 
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degree from 


the Thayer 
Dartmouth 
thirty-four 


New York, N. Y. 


















































































































































A new 48 page, multi-color 
catalog gives full design 
and construction details. 


MA ! 
Mailed, free, upon request. 


wilt 


THE INSIDE STORY 
Of a good welding torch 


Outstandingly fine design and construction features are rarely dis 
cernable by judging merely outside appearance. And—since VICTOR 
welding torches combine so many advantages there is every reason 
why we should want evervone to know the full inside story. After all. 
the purchase price of a torch has so very little to do with its final 
operating cost or economy. Those who have used VICTOR welding 
and cutting apparatus are not likely to change to any other make, be 


juiment 


cause they KNOW it costs less to own and operate this fine equi 








VIcIOR EQUIPMEN] COMPANY 


844 FOLSOM STREET * * SAN FRANCISCO 
HOLLUP CORPORATION, LTD. * 107 ATLANTIC AVE. * TORONTO, CANADA 











years until his death as a member of the 
board of overseers of the school 


Dr. Hovey received a D.Eng. degree 
from Dartmouth in 1927 and a D.Sc. de- 
gree from Clarkson College in 1933 

In 1889-90 he served as an instructor in 
engineering at Washington University, 
St. Louis, before becoming an engineer of 
design with the late George S. Morison, 
consulting bridge engineer of Chicago 
Under Mr. Morison he was instrumental 
in the designing of a viaduct for a bridge 
over the Mississippi River at Memphis 
and designed the superstructures of the 
Bellafontaine Missouri 
River, and of a bridge at Leavenworth, 
Kan 

Dr. Hovey was with Mr. Morison in 
1890-96. In the latter year he became 
plant engineer of the Union Bridge Com- 
pany at Athens, Pa., which was then en- 
gaged in constructing the steel work for 
the Chicago elevated railway. For the 
Union concern he designed a_bascule 
bridge over the Chicago River. 


Bridge over the 


In 1898 he was sent by the Union com- 
pany to London, where he was a consult- 
ing engineer on projects for the erection of 
South African bridges 


Served in Constantinople 


rhe American Bridge Company bought 
the Union plant in 1900 and Dr. Hovey 
became an engineer of design for the 
American at Pencoyd, Pa. In 1904 he 
went to Constantinople, Turkey, for the 


For SAFETY 





282 E. ONTARIO ST. 


Pioneers and Manufacturers of Precision Equipment for 
Using and Controlling High Pressure Gases 


SLLD 
ECONOMY 


MANIFOLDS 

REGULATORS 
VALVES and 

FITTINGS 


to control high 
pressure gases 


“*BASTIAN-BLESSING’ 





ompany, and there surveyed trade con 
ditions 

In 1904 he also was transferred to New 
York by the American. He became its 
assistant chief engineer in 1907 and con- 
sulting engineer for the company in 1931 
He left the company in 1934. While with 
it he was in charge of the building of emer- 
gency dams at the Panama Canal. Later 
he was in charge for the company of its 
extensive repair work on the Williamsburg 
Bridge in New York City. 

About ten years ago he was in charge of 
the building by the company of the great 
Port of New York Authority Bayonne 
Bridge, connecting Bayonne, N. J., and 
Port Richmond, §. I., over Kill van Kull 

Dr. Hovey entered private practice in 
1934 as a consulting civil engineer. For 
the last four years he also had been Director 
of the Engineering Foundation 

He was the author of ‘Steel Dams,’’ 
published in 1935. He served on many 
engineering committees, wrote numerous 
technical papers and lectured on engineer- 
ing subjects at Yale and Princeton Uni 
versities and Dartmouth College 

He leaves a widow, Mrs. Martha Owen 
Hovey; a son, Otis W. Hovey of Pitts- 
burgh, Pa.; a daughter, Mrs. Ellen 
Catherine Davis of Hartford, Vt.; a sister, 


Miss Mary E. Hovey of East Hardwick, 


Vt., and two grandchildren 

Dr. Hovey was active in the affairs of 
the AMERICAN WELDING Society. Fora 
number of years he served on the Struc- 
tural Steel Welding Research Committee; 
was a member of the A. W.S. Bridge Com 
mittee and of the By-Laws Committe 


pur 
7 Says 


An easier job for the purchasing 
agent may be in itself a minor 
detail to the welding engineer 
...but not when it means the 
elimination of costly “down time” 
while waiting for special orders 


to be completed. 


less field experience. 


P. R. MALLORY & CO., Inc., Indi lis, Indi 


CHICAGO 
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chasing 


This, plus years of the closest 
cooperation with leading manu- 


REPAIR OF CENTRIFUGAL pump 
BODIES 


At Fort Peck, Montana, pur 
for the project’s dredging opera 
to be replaced every twenty-o; 
Then electric arc welding was ap; 
remedy this costly operation. N 
pump bodies repaired by weld 
about a savings of $3037 over th 
method of replacement. 

The pump bodies welded ar 
trifugal pumps driven by a 25% 
power motor. The body, weig] 


x 


tons, is mounted on the dredg: 
The bodies are lifted off the dred 





Ph irtesy Hobart Broth 
a barge—then towed to a yard where sey 
eral welding machines are set up. Here 
the pump bodies are built up to the r 
quired thickness by arc welding mild steel 


Very little dressing is r 
quired except on the impellers 


and cast iron. 





Yet this is just one phase of the 
advantages afforded through 
Mallory’s program of standard- 
ization of welding electrodes. 
Mallory Welding Electrodes are 
actually better because of stand- 
ardization. Nothing so clearly 
identifies the requirements of 
cooling, hardness, thermal and 
electrical conductivity as limit- 


facturers of welding machines 
assures you the finest welding 
tips at the lowest possible costs. 


MALLORY 


Resistance Welding 
Data Book 
Your engineering staff 
will welcome this com- 
prehensive treatise on 
welding practices,alloys 
and specifications. Be 
sure to write for a copy. 





© Cable Address — PELMALLO 
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_RESISTANCE WELDING ELECTRODES. 
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This 2%: ton gear, although 

broken in several places, was 

back on the job only six days 
after it failed 


This gear looked something like 
Humpty-Dumprty...it was so severely 
broken that it looked almost impos- 
sible to repair. But, here, as in many 
other emergencies, Tobin Bronze repair 
welding performed thte “impossible,” 
in the shortest possible time 

Not only does Tobin Bronze make 
strong, sound welds in cast and malle- 
able iron and steel, but because of 
Tobin Bronze’s low melting point, its 
use effects large savings in preheating 
time and fuel consumption. There is a 
minimum of delay in returning a Tobin 
Bronze welded part to service 

Tobin Bronze rods are stocked by 
leading jobbers throughout the coun- 
try. When ordering, make sure you get 
genuine Tobin Bronze. Each rod is trade- 


marked for permanent identification. 


The Hebel 


THE AMERICAN BRASS COMPANY, General Offices: Waterbury, Connecticut 


In Canada; Anaconda American Brass Ltd., New Toronto, Ont. « Subsidiary of Anaconda Copper Mining Company 
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hese centrifugal pumps were the only 
method used to put the dirt in the fill on 
the job. With 28-in. suction and outlets 































each dredge pumped an average of 45,000 
cubic yards perday. All of the earth was 
dredged from the Missouri River which is 
located about five miles from the project 

Eight hours are required to change 
pumps. Repairing these pumps keeps 
several hundred men busy twenty-four 
hours a day all during the dredging season 


ATOMIC HYDROGEN DIE REPAIR 

More than $6000 a year and valuable 
time are being saved at the Bridgeport 
Plant of the Underwood-Elliott-Fisher 
Company through the use of atomic-hy 
drogen welding. A General Electric unit 
has been in use for some time in the tool 
room of this office appliance plant to re 
pair broken dies and tools—parts which 
otherwise would have to be discarded at a 
loss of both money and the time required 
to get new parts 


it 






























WELDING FLUXES 


Calcium, Barium and Strontium Carbonate 
Calcium Fluoride—Calcium Silicate 
Magnesium Oxide—Powdered Glass 
Lithium Fluoride and Chloride 








FOOTE MINERAL COMPANY 
1612 Summer St., Philadelphia, Pa. 
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Shown in one of the photogra 
typical die repaired at this plant, 
the broken die which normally wo 
to be discarded; the same die aft 
been built up through the welding 
and the die finished and ready fo: 


METAL SPRAYING 


lo describe the ever-growing 
application in industry where th: 
Metallizing Process can be advantag 
used for rehabilitating worn shaf 
other rotating machinery, as well 
tecting metal surfaces against « 
and other chemical attack, Meta 
Engineering Company, Inc., 21 
Ave., Long Island City, N. Y., ha 
issued a new 16-page informative bullet; 
No $2 entitled ‘Metco Metal izing 
Equipment and the Metallizing Pro 
In addition to useful facts on how 
save time, money and labor bot! 
production and maintenance work throug 
Metco metallizing, this bulletin al 
scribes in detail the new Metco ‘‘( 
trolled Power’’ Metal Spraying Gun Ty; 
2E, as well as the standard Type E Gu 
Also included are descriptions of th 
plete line of Metco metallizing accessori 


Plan to Attend 
innual Meeting Oct. 19th-2tth 


Typical Die Repaired with G-E Atomic-Hydrogen Welder. Broken Die at Left, Same Die (in Philadelphia, Pa. 
Center), After Being Built Up by Welding Process; Die Finished and Ready for Use (at Right) 








PIPE WELDING TOOLS THAT MAKE 
WELDING PAY 


Pipe Clamps 
Flange Clamps 
Elbow Clamps 
Angle Clamps 
Pipe Markers 





TWO SIZES 
\% to 8 in 8 to 161 
Light—Adjustable—F ast 







The Jewel System ef Pipe and Fit- 
ting Erection Ready for the Weld 


CUTS ERECTION COSTS 
Keeps the Welder Welding Instead of Waiting 
JEWEL MANUFACTURING COMPANY 


1841 University Ave., St. Paul, Minn. 








Buy ‘*“‘Proven Fluxes’”’ with Years of 
Guaranteed Satisfaction behind them 


The Trade-Name is **ANTI-BORAX” 
Ask for Them Unequalled for Quality 


4 Flux for every metal: Cast Iron Welding Flux 
No. 1; Brazing Flux No. 2; Braz-Cast Flux No. 4, 
for bronze-welding cast iron; ‘ABC’? Aluminum 
Flux No. 8 for sheet Aluminum and all alloys of 
Aluminum; Stainless Steel Flux No. 9; Silver 
Solder Brazing Flux No. 10; ‘“‘Anti-Borax’’ Tinning 
Compound No. I1. 





Send for Free Samples 


ANTI-BORAX COMPOUND COMPANY 


Fort Wayne, Indiana 
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ye: Whe STAINLESS STEEL 


WELDING ELECTRODE YOU WANT” 


@ It’s listed on page 6 of this booklet on 
Stainless Stee] Welding and Electrodes that 
has been prepared by PAGE. 


You probably know as well as we do that 
you must look for and insist on getting 
two distinctly different kinds of quality 
in your Stainless Steel Electrodes. 


It is imperative for good Stainless Steel 
Welding that the deposit in the weld be 
equal to the Stainless Steel you are welding. 

It is just as important that the electrode 
be of the shield-arc type, to protect the 
metal in the weld; equally usable in hori- 
zontal, vertical and overhead positions; 


AMERICAN CHAIN & 


ADVERTISING 


permit high speed welding with minimum 
spatter and slag loss and smooth beads. 


To get all those qualities for you, PAGE 
worked in the field and laboratory with the 
world’s largest producers of Stainless Steel 
—until they said every PAGE Stainless 
Electrode was right. 


Start right, then, with your Stainless 
welding. Depend on PAGE. Tell your local 
PAGE Distributor the Stainless Steel you 
want to weld and accept his recommendation. 


Be sure to ask your local PAGE Distributor 
for a copy of this valuable, well illustrated 
booklet on the welding of Stainless Steels. 
It covers the entire subject. 


WARE 5 WELDING ELECTRODES . 


PAGE STEEL AND WIRE DIVISION +« MONESSEN, PENNSYLVANIA 


CABLE COMPANY, Inc. 





























T buy PRODUCTION. 


when | buy electrodes 


—and G.E.’s new production-labeled electrodes 
help me buy production. They help me to know the 
pounds of electrodes required and to estimate costs 


more closely than ever before.” 


Each 50-lb box of G-E mild-steel electrodes now 

bears a label that gives you the estimated: 
LINEAR FOOTAGE OF WELDED JOINT 
OBTAINABLE 


WEIGHT OF DEPOSITED METAL OB- 
TAINABLE 


With maximum profits depending on such close 
margins as present-day operations allow, this 
new engineering service enables supervisors and 
foremen to co-operate more effectively with 
their purchasing department in avoiding short- 


ages and top-heavy inventories 


G-E electrodes further save you money on your 
welding by their wide range of application and 
easy “‘usability.”” Samples free—from your 
nearest G-E welding distributor or G-E office. 


Production data is available 
on heavily-coated, mild-steel 
electrodes, ‘‘all-position“’ 
types, W-20, -22, -25, -30 
(! = to !-in. dia.) and “flat- ; 5 
position’ types, W-23 and ae ce eldin 
W-24 (),-in. to °.-in. dia.). Eee ~~, s © the 
Data on other sizes on request. = Se Say See molten 
Se 8 oe > Ps tw ¥ Needed 
As ar, 


hat S 





















Out bet 





| Dont Forget... 





It’s not the pounds you buy in the box that make welding profits-- 





it’s the footage you get in the joint that counts! 
(whether you buy ’em by the box or by the car-load) 


hat’s why G-E “production-labeled’’ electrodes deliver 
xtra value all along the line—from supervisors to skilled 
welding operators. These rods “take the heat” right down 
© the holder end. At the same time, practically all the 
olten weld-metal is deposited in the joint where it 1 


meeded, not spattered over surfaces adjacent to the joint 
@ result, welding costs are reduced and operators t 
but better work—faster and easier. 


} 1 


A complete demonstration of these profit-building elec 
mm any G-E arc 
His stocks are fresh and offer you a 


trodes—on your work—is availab! 
welding distributor 


dependable source of supply 

There’s no obligation in sampling these G-E rods or in 
having a free demonstration. Why not phone or write 
today? Or, if you prefer, write to General Electric Co., 
Schenectady, New York. 


GENERAL @ ELECTRIC 








Fig. 1 


SOME INTERESTING PRESSURE VESSEL 
PHOTOGRAPHS 












We are indebted to the A. O. Smith 
Corporation for the cover picture. This 
shows welding on steel sections of a stain 
less-lined oil fractioning tower Inside 
diameters of the range from 
5 ft. 6 in. to 16 ft. 6 in. with an over-all 
length of 125 ft. 13/,in The « omplicated 
design of this tower, which weighs 265,000 
Ib., calls for 84 manways 

Figure 1 shows welding head-assemblies 
for large, high-pressured oil cracking stills 
by the same company 


sections 


Figure 2 is a view showing welding on 
huge separating tower for the oil indus 
try. The tower has a 12 ft. 0 in. inside 
diameter, 3'/. in. to 3%/, in.-wall, 59 ft 
6 7/\, in. over-all length and weighs 393,800 
Ib 

Figure 3 
manway of atmospheric tower The 
tower has 11 ft. and 12 ft. O in 
diameters, 5/,-in. wall and 100 ft 
over-all length 


shows welder at work on 
inside 
85/, in 
Designed for maximum 


working pressure of 30 psi, and tested to 
pressure of 90 psi 
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DEVELOPING YOUR TRACTOR REPAIR 
BUSINESS 

Many tractor owners are not aware of 

the dependable 

worn tractor lugs by are welding Pic 


practice of rebuilding 
tured above is an enterprising job shop 
operator who took his portable gasolin« 
engine driven are welder to the job and re 
built the lugs by welding on */,in. by 14-in 
bars of steel. In addition to saving the 
contractor about $100 less than the usual 
replacement cost, the job shop made a nic« 
profit. The 
by the fact that the tractor was out of 
service only about one-fourth the 
length of time 


customer was also pleased 


usual 


PORTABLE MACHINE-CUTTING 


A revision of the booklet, ““Opportuni 
ties for Portable Machine 
Cutting,” has just been announced by 
The Linde Air Products Company, a Unit 
of Union Carbide and Carbon Corpora 
tion. This booklet describes the many 


Profits with 


advantages of oxyacetylene cutting with 
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portable machines, the diversity ol 


tions which can be performed and a var 


of applications Several new of 


p 


hints and kinks” on the use of 
machines have been added 
The general operations po 


straight-line cutting, bevel cutting 
cutting, circle cutting and heavy cutt 


are illustrated in this booklet, and a1 


ber of views of cut edges are given t 
trate the results of correct and in 
cutting techniques In addition, 
typical applications in the aircraft 
automotive industries, iron and locon 
works, machine shops, job welding 
shipyards and steel mills are listed 


section on suggestions for extending 


usefulness of portable machine cutting 


been enlarged; and a new page dc 


a special set-up for templet tracins 


been included 

Copies of this 20-page booklet, 
1062B, can be obtained without « 
writing the nearest office of The 


Air Products Company or the Ge 


Office, 30 East 
N. Y 


42nd Street, New 
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—STANDARDIZATION— 
What it Means to You! 


For several years, the principal function of the Resistance Welder Manufacturers’ Association has been the 
standardization of resistance welding machines, transformers and other component parts 


Several standing committees, each working on one group or class of equipment, are constantly considering 
ways and means of reducing the number of types and varieties of machines, and improving the overall stand 
ards concerning them. Definite accomplishments so far include 

Standardization of welding transformer ratings, eliminating odd and unnecessary sizes—which, in 
turn, reduces the number of patterns, and simplifies manufacturing problems; 


Standardization of current regulators; 


Standardization of frame sizes, throat depths, electrodes and seam welding wheels, et« 


In all this work, very close cooperation has existed between the Resistance Manufacturers’ Association 
with the American Welding Society and other interested engineering societies 


For your own protection, make sure that all of your future resistance welding machines rigidly comply with 


adopted standards of 


Resistance Welder Manufacturers’ Association 


505 Arch Street 


Philadelphia, Pa. 





MEMBER COMPANIES 


laylor-Winfield Corporation, Warren, Ohio 
Chomson-Gibb Electric Welding Co., Lynn, Mass 


Welding Machines Mfg. Company, Detroit, Mich. 
Acme Electric Welder Company, Los Angeles, 


Calif. 
American Electric Fusion Corporation, Chicago, Ill 
Fisler Engineering Company, Newark, N. J 
Expert Welding Machine Company, Detroit, Mich 


Federal Machine and Welder Company, Warren, 
Ohio 

Multi-Hydromatic Welding and Manufacturing 
Co.. Detroit, Mich 

National Electric Welding Machines Co., Bay 
City, Mich 

Progressive Welder Company, Detroit, Mich 

Swift Electric Welder Company, Detroit, Mich 


Taylor-Hall Welding Corporation, Worcester, Mass 


ASSOCIATI 


MEMBER COMPANIES 


Electroloy, Inc., New York, N. Y 

Welding Sales and Engineering Co., Detroit, Mich 
P. R. Mallory and Co., Indianapolis, Ind. 

S-M-S Corporation, Detroit, Mich 
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NEW PRODUCTS 


The Society assumes no responsibility 
for the validity of claims in this Section 


PROGRESSIVE ANNOUNCES NEW 
KICKLESS CABLE 


A line of low kickless 
cables of ‘‘full concentric’’ design for re 
duced current loss and with positive and 
strands wound at 


cost welding 


negative current steep 
helical angles to increase ease of flexing 
and Pro 
gressive Welder Co., Outer Drive, 
Detroit, Mich 

Developed by Progressive in conjunction 
with Habirshaw Cable & Wire Co., the 
new ‘‘P-H”’ cables are available in a com 


announced by 


3050 E 


reduce wear 1s 


plete range of capacities to suit almost any 
portable gun welding used 

The new kickless cables have a 
capacity of 50°) im excess of conventional 


rated 


cables of the same size, increased efficiency 
full 
increased life 


arrangement of 
extra 


dus to concentric 


copper, because of 
heavy insulation and marked reduction of 
wear by external abrasion. Gun handling 
is thus made easier not only by the kick 
| 


ie¢ss 


virtue of the 
cable 


feature but also by 


smaller cross section of the 





above illustration is shown Pro 
Welder's full-concentric 
cable attached to a gun with a single bolt 
type of self-locking terminal rhe com 
permitting 


In the 
gressive 


new 


bination of such a terminal, 
gun swiveling when pressure is not on, 
reduces effort in handling welding equip 


ment still further in addition to the sur 


prising universally flexible new cable 





Ihe water supply core of the cable con- 
sists of * s-in. interlocked bronze tubing 
having high flexibility characteristics 
Six current-carrying bundles, of 
copper strands each, enclose this core and 
are so formed that any flexing causes them 
to ‘‘unwind”’ rather than bind, as in conven 
tional cables. A heavy reinforced rubber 
insulating tube these inner 
strands from the outer strands which are 
also wound at steep helical angle Be 
tween the outer strands and the external, 
extra-heavy abrasion resistant cable cover 
ing 1s space provided for water circulation 


seven 


separates 


BLUE GLASS FOR ALUMINUM AND 
BRONZE WELDING 


Alubro-Weld, a blue glass compounded 
to filter out injurious rays of light in con- 


ditions of excessive glare, is a recent 
scientific development of the Willson 
Optical Research Laboratories. Alubro 


Weld should not be confused with ordinary 
cobalt-blue glass. It is a special welding 
glass, specifically recommended for alumi 
num and welding, glass work, 
instrument making and other operations 
where a sodium yellow glare is encoun 


bronze 


tered 

Although Alubro-Weld has a 
higher visible light transmission than the 
average of ordinary blue glass colors, it 
blocks out the harmful ultra-violet rays 
entirely and greatly reduces injurious 
infra-red ray transmission 


much 


NEW ARC-WELDING ELECTRODES 


Three new _ shielded-are_ electrodes, 
Types W-30, W-83 and W-93, for specifi 
types of arc-welding work have been 
announced by the General Electric Com- 
pany, as additions to this company’s ex- 
tensive line of electrodes. All three types 
are heavily coated and will operate on 
either direct or alternating current 

The Type W-30 is an A. W. S. E-6012 
all-position electrode, especially designed 
for automotive and piece work industries 
where high currents are desired for high- 
production speed on lap or fillet welds 
This electrode’s ability to carry high cur 
rents leads to a substantial reduction in 
stub which ordinarily result 
from the use of high current 

For job welders or manufacturers en 
gaged in the fabrication or repair of cast 
iron, the Type W-83 is ideally suited. It 
is an all-position electrode and its out 
standing advantage is its ability to oper 
ate at relatively low currents, a desirable 


end ke sses 


condition for cast iron 

The Type W-93 is designed for building 
up steel surfaces to resist wear from shock, 
and rolling impact. Its ex 
smooth 


abrasion 


tremely arcing characteristics, 
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freedom from spatter and wid: 

74 sq. in. per pound) make it w 

for such applications as: agriculty,; Rt 
plements, battered rail-ends, snow 

crawler-type 





tractor 
wheels, and scraper blades 


shoes, 


RIVET WASHING TIPS 


hese new tips are accurately 
from hard drawn copper with t 
the preheat orifices to the oxyg 
orifice so that maximum prehea 
ting speed are obtained for th« 
tions: 


Washing out rivet heads of all types and 
sizes for repair or reclaimir 

Removing frozen nuts from bolts wit} 
out damage to the bolt threads 

Removing minor defects in ca 





Hand or machine gougings 








[he cutting oxygen stream travels 
thus eliminat 


comparatively low velocity 
ing excessive ‘“‘blowing’’ of molten 
Recommended 
small size rivets is as low 
This ‘‘soft’’ cutting flame permits 1 
erator to work with greater accuracy, w 
out sacrificing speed or using extra ga 

For further information write to N 
tional Cylinder Gas Co., 205 W 
Drive, Chicago, Ill 


oxygen pressure 


as lo pour 


WELDING POSITIONER BULLETIN 


illustrating and 
their 


posit 1ne! 


bulletin 
scribing improvements in 
8-ton capacity welding 
just been issued by the Industrial | 
sion, Ransome Concrete Machinery 
Dunellen, N. J 

The bulletin is 

comparison between ordinary weld 

welds illustrating bot! 
provides a table showing the 
quired for each type. 

The improvements made in 
tioners are completely described 
a T-slotted, all-welded ta! 
segments, 


A new 


devoted in par 


positioned 


include 
double  tilting-gear 
double roller 
and all-welded steel yoke and 
The manufacturer 
all-welded construction assures sal 
the operator when working under ! 


mati 
} 


Wart 


bearings in 


poimts out 





conditions ; : 
A copy of the bulletin, Num! 

may be obtained by addressing 

pany 























IN WELDING CONSTRUCTION TOO 


...fhere’s often 
a better way! 
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w 
a" yp these days of constant rush to meet duce the widest variety in Rolled Steels Here ar e of the U-S-S Rolled 
ace production deadlines, welding engi- for welding, but have made a complet , ntributing muct 
rs in many fields are being called study of their special characteristics 
to be unusually ingenious — not We can tell vou where they will serve U-S‘S Cor-Ten 
in design and fabrication, but in best, and how to work them. This know U-S-S Man-Ten Cor-Ten | 
TIN the selection of the steels that will serve ledge is available to anv user of U-S-S , che ee De? 
ich purpose with highest efficiency. Rolled Steels U-S'S Abrasion-Resisting Steel | 
Because of new situations, practices With this combination of product ere abr ire 
hich served in ordinary times are be- and service you can attack any welding U-S-S Heat-Resisting Steels to combat 
g shelved for newer and better ways. problem, completely confident of re _— ; 
Otten, success or failure hinges on the sults. Let us talk with you about your U'S-S Stainless Steel 
tion of a particular steel. next job [here 1s a safe possibility that ' : 
lhat’s the kind of situation where such a talk can result in Aelpi M U-S‘S Carilloy Alloy Steels , 
: in often help. For we not only pro- find a better tr 


U'S'S ROLLED STEELS for WELDING 


CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chi: 
® COLUMBIA STEEL COMPANY, San Francisco 
TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham 


United States Steel Export Company, New York 


PNITED SIATES Saaee. 
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“AMPCO-TRODE 


OXYACETYLENE WELDING AND 
CUTTING EQUIPMENT 


1 new 12-page illustrated 
What the Purchasing Agent Should 
Know About Oxy-Acetylene Welding and 
Cutting Equipment and Processes,’’ ha 
d by The Linde Air 
a Unit of Union Car 


bide and Carbon Corporation. The book 


just been announce 


Products Company 


let is designed to help the user or prospe 


tive user obtain a clear underst: ing of 


the oxyacetylene process and the various 


construction and operating featur¢ of 


welding and cutting apparatus used in ap 


plications of the proce It 


+} 


the proper 


contains a 


guide to the selection of type 


of equipment, with a check list of impor 


tant points to consider in selecting weld 


ing and cutting blowpipes, cutting ma 


chines, regulators and acetylene generators 
Also included is a listing of some of th 


modern applications of the oxyacetylen 


List 


BOSTON 


Crouse, Mayle B. (¢ 
Charlestown, Ma 
Jaeger, George (C), 43 
Weymouth, Mas 

Pote, Lloyd W. (C 
Materials Lab., Boston, Ma 


CANADA 


McIntyre, A. M. (C), 1 Ba Ay lo 


ronto, Ont., Canada 


CANAL ZONE 


Cole, Harry (C), P.O. Bo 
en: 5. 2 

Plath, Arthur C. (1D), Box 8&6 
i 2 

Stevens, Charles F. (C), Box | 
Miguel, C. Z 


Diablo 
Balboa 


Pedro 


CHICAGO 


Frank (|) 8337 W 
Chicago, Ill 


Maher, 
Blvd . 


Jackson 


CINCINNATI 


Raabe, Victor (C), 3447 Cornell Pl., Cin 
cinnati, Ohio 





ys and other materials ar 
i new leaflet announced by Westinghou 


Electric and Manufacturing Company 


Application, distinctive featur and 
construction are discussed Pubs and 


other important parts are described. Op 
rating details list thi 


and explain how steple 


functions of tubs 
and relay 
accomplished 


ing 1 Outline sketche . 


give physical dimensions and show posi 
tion of conduit connections 

\ COpy ol de SC 
be obtained from 
Westinghouse Electric and 


ing Com 


riptive data 18-335 may 
department 7-N-20, 
Manufa 


pany 


Employment 
Service Bulletin 


POSITIONS VACANT 


V-98. Welding Engineer capable of 


of New Members 


April lst to April 30, 1941 


CLEVELAND 
American Bureau 


Rockefeller Bldg 


Calamari, Peter L. (C 
of Shipping, 660 
Cleveland, Ohio 

Hansford, Thomas E. (( America 
reau of Shipping, 660 Rockefeller 
Cleveland, Ohio 


Bu 


Bldg 


COLUMBUS 


Adams, Harry E. (C), R.R. 1, So. Charl 
ton, Ohio 

Reuer, George (1), 706 
Springfield, Ohio 


Cypres St 


DETROIT 


Moore, Bruce L. (C), 15453 Hartwell Ave 
Detroit, Mich 
Weston, Leslie D. (¢ 


American Bureau 
of Shipping 1005 t 


troit, Mich 
Wood, Lauren P. (B), Stinson Aircraft 
Div. of Vultee Aircraft, In Wayne, 


Mich 


INDIANA 
Hook, Cleo E. (ID), 1608 Home Ave 


Columbus, Ind 


\ Ex] ed X-ray 
esirous of a ibl nt 
in nop Ww b 

\ t Wel g Eng 
gradua it n D 
hange where hi ilent car 
etter advantage Has had y 
perience im supervising desig 
truction of many compli 
through welding. Has an « 
lurgical background and know 
tion, and has been consultant 
) w devel yp ~f y 
Has bec qui su ful 
f weld 

\ Welding I or 
1 training en in industry 
hool, and in adult educati 
welding laboratory instru 
ylegiate institute in tl Ww 
Age irried. Seven yea 
including resurlacing O11 
ructural equipment welding 
year ol ollegiate work B.S 

° 
KANSAS CITY 

Robb, John D. (B 28 | 

Citv, Mo 

LOS ANGELES 

Hutton, Walter C. (¢ 

Li Angel Calif 
Jefferson, Reginald L. (B 

Shipbldg. & D. D. Cory 

Calif 


MARYLAND 


Browa, Elisha A. 
Baltimore, Md 

Carter, Richard A. (C), Gil 
l & Calvert St 

Evans, Stewart A. (C), 2! 
Ay Baltimore, Md 


C), 909 I 


SERVICES AVAILABLI 


> 


Jarirnen, Arne A. (C), Bethlel 
Co., Sparrows Point, Md 
Kotzelnik, Boyd (C), 2319 Si 

Baltimore, Md 
m™ 


Matuszewski, Frank (¢ 
St.. Baltimore, Md 

Riley, John H. (C), 110 S 
Baltimore, Md 

Ward, Grady (C), 1317 
Baltin ort Md 















re 








... Of welded construction 

o ay & S Ss U ad F This steel Hortonspheroid will store 38,000 bbls. 
of gasoline at 2'% lbs. per sq. in. pressure. It is 

located at Balboa in the Canal Zone. The seams of 

VE gS 5 a L bs pressure vessels must be absolutely tight. Welding 
makes this condition easy to attain, even where the 


joints are lapped as they are in this vessel. 


CHICAGO BRIDGE & IRON COMPANY 


Ncage ; 2455 McCormick Bldg. Birmingham 1507 North 50th Street Philadelphia 1668-1700 Walnut St. Bide. 
P i. York ‘ 3398-165 Broadway Bldg. Tulsa 1654 Hunt Bide. Boston 1565 Consolidated Gas Bide. 
D ee 2282 Builder's Exchange Bidg. Houston 918 Richmond Ave. San Francisco 1097 Rialto Bide. 

atlas 1489 Praetorian Bldg. Detroit 1556 Lafayette Bidg. Los Angeles 1471 Wm. Fox Bide. 


Fabricating plants in CHICAGO, BIRMINGHAM and GREENVILLE, PA. 
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MILWAUKEE 


Burzlaff, Orville (D), 1812 Union Ave., 
Sheboygan, Wisc 

Jacobs, Butler W. (C), 409 Marshall Ave., 
Milwaukee, Wisc 

Morrissey, P. W. (D), J. I. Case Co., 
Racine, Wisc. 


NEW YORK 


Doherty, Edward J. (D), 158 Linden 
Blvd., Brocklyn, N. Y. 

Flanagan, Harold H. (C), 3127—83rd 
St., Jackson Hts., N. Y. 

Vendeleers, A. F. (B), 8811 Elmhurst 
Ave., Elmhurst, L. I., N. Y 


NORTHERN NEW JERSEY 


Burton, Walter H. (C), General Chemical 
Co., 1100 Line St., Camden, N. J. 

Coll, Charles (D), 15 West 48th St., 
Bayonne, N. J. 

Darlington, Donald W. (D), 568 So. 19th 
St., Newark, N. J. 

Fabian, Chester (1D), Westinghouse Elec. 
Elevator Co., 150 Pacific Ave., Jersey 
City, N. J. 

Fahrion, Henry (D), 65 West 17th St., 
Bayonne, N. J. 

Farkas, John (D), 27 West S5lst St., 
Bayonne, N. J 

Guarin, Victor (D), Federal Shipbldg. & 
D. D. Co., Kearny, N. J. 

Majowski, Joseph (D), 120 West 15th 
St., Bayonne, N. J. 

O’Neil, Eugene (D), 5 West 42nd St., 
Bayonne, N. J. 

Rudolph, William (C), Welding Supply 
Business, 452 Broadway, Paterson, 
N. J. 

Witmeyer, William (C), 49 Forest St., 
No. Arlington, N. J. 


NORTHERN NEW YORK 


Ballou, Earl M. (D), 852 Holland Rd., 
Schenectady, N. Y. 

Beck, Francis M. (C), General Elec. Co., 
Schenectady, N. Y. 





Walker, John A. (1D), 832 Bridge St., 
Schenectady, N. Y. 


NORTHWEST 


Clogston, Charles M. (C), 
Pump Co., Fridley, Minn. 
Tiffany, Raub L. (D), 285 Macalester St., 

St. Paul, Minn. 


Northern 


PEORIA 
Moyer, Herman (C), 313 Bigelow St., 
Peoria, Il. 


PHILADELPHIA 


Corma, Edward (D), 2301 E. Albert St., 
Philadelphia, Pa. 

Metzger, Howard K. (D), Harleysville, 
Pa. 

Reid, Arthur A. (C), Empire Ordnance Co., 
West Pittston Iron Wks., West Pitts- 
ton, Pa. 


PITTSBURGH 
Faust, Leo F. (C), 263 Grand St., Grafton, 


W. Va. 
Hoglund, G. O. (A), The Aluminum Cook- 
ing Utensil Co., New Kensington, Pa. 


PUGET SOUND 


Link, Wm. H. (C), 711—23rd North, 
Seattle, Wash. 


SAN FRANCISCO 


Brown, C. E. (D), 1906 Green St., San 
Francisco, Calif. 

Liner, William (D), 2639—39th Ave., 
Oakland, Calif. 

McCulloch, R. B. (B), Anchor Welding 
Wks., 963 Harrison St., San Francisco, 
Calif. 

Pyles, Guy L. (D), 1558 Willis St., Red- 
ding, Calif. 

Schoefer, Charles J. L. (B), American 
Bureau of Shipping, 215 Market St., 
San Francisco, Calif. 

Schwartz, Theodore F. (C), 150 Florida 
Ave., San Bruno, Calif. 








Segal, Mayer (D), 2707 Virginia 
Calif. 

Sinkevitch, Vitold (D), 4200 Ra 
San Francisco, Calif. 

Wright, Lyman (D), R. 2, } 
Woodland, Calif. 


a St 


SOUTH TEXAS 
Crawford, A. W. (D), 234 Hat} 1a 


Houston, Texas 

Devine, Jesse (D), 6515 Ave. F, H 
Texas. 

Ginetis, John P. (B), Box 287, 0; 
Texas. 

Neal, Clyve M. (D), P.O. Box South 
Houston, Texas. = 

Roberds, O. C. (D), Hydril Co. of Texas 
Houston, Texas 

Werner, George (B), 505 No. Winnetka 
St., Dallas, Texas. 


ang 


WESTERN NEW YORK 


Neff, John S. (D), 61 Remoleno § 
Buffalo, N. Y. 

Youngs, K. P. (C), 112 Wardman Rd 
Kenmore, N. Y. 


YOUNGSTOWN 


Voorhees, Franklin E. (D), R.D 
Cortland, Ohio. 


NOT IN SECTIONS 


Berg, Henry L. (D), 801 S. Main, Thre: 
Rivers, Mich. 

Bishop, Henry R. J. (B), 347 Highland 
Rd., Kensington, Johannesburg, Soutt 
Africa. 

Bozarth, G. T. (C), 309 So. Broadwa 
*Park, Lexington, Ky. 

Brady, Frank W. (C), 1001 Wyoming Ave, 
Scranton, Pa. 

Brown, Edwin J. (C), Union Wks 
& Cascade Sts., Erie, Pa 

Wight, H. Ed. (C), Southeastern Welding 
Inst., 24 E. Court St., Greenville, N. ( 


SECTION ACTIVITIES 


BOSTON 


At the Annual Meeting of the Boston 
Section, held on April 16th at Massa- 
chusetts Institute of Technology, the 
following officers were announced as 
elected to serve for the year 1941-42: 
Chairman, P. L. F. Feyling, Whitehead 
Metal Products Co. Inc., Cambridge; 
Vice-Chairman, F. W. Davis, E. B. Bad- 
ger & Sons Co., Boston; Sec.-Treas., P. 
N. Rugg, Boston Edison Co., Boston; 
Directors: L.1I. Dexter, W. B. Strathdee, 
H. A. Sweet; Trustee, A. L. Combs 


CANAL ZONE 


The March meeting of the Canal Zone 
Section was enjoyed by many guests as 
well as members of the Section. Mr. 





Wm. J. Mayer, special representative of 
the A. M. Byers Co. of Pittsburgh, Pa., 
gave a very interesting talk on the manu- 
facture of wrought iron. Mr. Mayer 
also showed a five-reel movie on this 
topic. 

Mr. Harry Cole, Structural Engineer 
with the Panama Canal, Special Engineer- 
ing Division, addressed the April meeting, 
on the interesting subject of ‘The Design 


of Welded Joints.”’ 


CHICAGO 


On Saturday, June 21st, the Big Oaks 
Golf Club, 6600 Lawrence Avenue, 
Chicago, will be the hosts of the Chicago 
Section in their Third Annual Golf 
Tournament 

An over-all charge of $3.50 will include 


402 


golf privileges all day, as well as lunch ar 
dinner. 
that there will be plenty of valuable priz 
for the hard-working turf-cutters 
divot slingers. In addition to the t 


ment prizes, there will be a blind bogey 


for out of town guests, door prizes a! 
souvenirs 


Mr. R. E 


Chairman Prize Committee; T. B 
son, Chairman Publicity Committ: 
B. Browning, Chairman Grounds ‘ 
mittee; M. M. Weist, Chairman 


Sales Committee; and H. F. Zeige! 


Chairman Arrangements Committ: 
The last meeting for the seasot 
the fall was held on May 16th. M: 





The Prize Committee announces 


Long of the Hollup Corpora 
tion is General Chairman for the tourna 
ment, and he has appointed the following 
committee chairmen: T. H. Gallagher 





Po a 























FEDERAL WELDING 











} TODOTHE JOB! 
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= 
Ave. @ Industries, both large and small, UNI-PULSE SPOT WELDERS 
x " f Employed by the aircraft industry in welding various gauge 
St engaged in the gigantic task of as- thicknesses of alloys such as 24ST Alelads Smploys electro. 
sisting Uncle Sam to speed up the static pores of energy and provides flexible control of current 
N.¢ output of defense products, find COMBINATION SPOT AND 
Federal Resistance Welders indis- y R 0 j F CT 0 N W F [ 0 F R § 
pensable on production lines. In the Conventional type machines lending themselves to both spot 
fabricating of both ferrous and non- - ty Siegen ee ee Adaptable and in wide 
emand tor many meta! tabricating uses. 
ferrous metals, Federal Resistance 
mr ' FEDERAL FLASH WELDERS 
Welding provides strength in €XCess Used in operations which necessitate the welding together of 
of standard specifications and sub- — — ee oe oe — in excess of 
= . arent material developed at place of we 
stantially reduces production costs. ‘ BA PAM W 
Federal machines in standard and oe FEDE ‘ L ; S ae El D ER 5 | 
an é 2 - or lap welding sheet stock or for fabricating such articles as 
n special designs are used extensively we hand type containers. The welded seam sani either of the 
° “intermittent stitch” type or continuous to render the welded 
by manufacturers of aircraft and equen gne tight. 
such major defense units, as well as a heli 
gey ~ a Avail yourself of Federal engineering facilities and up-to-the- 
s af in the production of shells, bombs minute gy without yatay ag ne aang 5 your 
“1. in s in signin ur product rw in r tittin 
and other auxiliary products. Mlauhinatctieht) a a eo 
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( sibber, Welding 
Illinois Steel Co., 
‘The 
rhe usual Get 
at 6:00 P.M 


Engineer, Carnegi 
the 
of Welded 
Together 
in The Electric 


addressed meeting 


on Elements Design 


1 14 
neid 


Dinner wa 
\ lub 


CINCINNATI 


The Cincinnati 
a two-lecture 


Section has completed 


series on Arc-Welding 
Electrodes 

The April meeting was given over en 
tirely to the chrome-nickel stainless-steel 
alloy electrode and the lecture was given 
by Mr. R. D 
Corporation, 


Thomas brought 


Thomas, President of Arcos 
Philadelphia, Pa Mr 
lot of very im 
portant facts regarding the elements that 


out a 


add to or detract from the corrosion re 


sistance qualities of coatings on stain 
le steel wires 
COLORADO 

Mr. T. N. Armstrong of the Interna 


tional Nickel Co. gave an illustrated talk 


on ‘‘Metallurgical Aspects of Welding 
High Carbon and Alloy Steels’ at the 
May 12th meeting of the Colorado Sex 
tion, held at the Capitol Insurance Co 
Auditorium, Denver 
COLUMBUS 

Mr. R. F. Wyer, General Electric Com 


pany, was the guest speaker at the May 
%th meeting of the Columbus 
Mr. Wyer spoke on ‘‘Atomic-Hydrogen 
Welding.’”’ 


Section 


CONNECTICUT 
Mr 


neer, 


Everett S. Elwood, Welding Engi 
General Electric Co., Bridgeport 
Works, presented an illustrated talk de 
scribing the various resistance welding 
processes and showed applications of them 
with the aid of production welded samples, 
at the April 15th meeting of the Connecti 
cut Section 


DETROIT 

The Detroit Section announces a new 
Chairman and Secretary-Treasurer. They 
are: Chairman, Russell W. Brendle, 
Great Lakes Eng., Co., River Rouge, 
Mich.; Sec.-Treas., G. N. Sieger, S-M-S 


Corporation, Detroit 

The Detroit Section sponsored its first 
Dinner Dance on May 2nd. It was held 
in the Colonial Room of the Detroit Leland 
Hotel, and was attended by over 100 
persons, a little less than half of whom were 
the wives and friends of the members 

The guests of the evening and at dinner 
were the Past-Chairmen of the Section, 
the District Vice-President, Mr. Donald 
Corey, and the National Secretary, Miss 
M. M. Kelly. An informal reception 
held preceding the Dinner provided 
excellent opportunity for the Section 
Officers, members and their wives and 
friends to become acquainted. Follow 
ing the Dinner, Chairman Sieger called 
the Roil of Honor which included all the 
Past-Chairmen of the Detroit Section, 
who are as follows: H. M. Gould, W. C 
Sprau, R. C W. A. Woofter, 


an 


Richards, 
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C. A. Bowlus, E. P. Jeffery, M. P. Bailey, 
R. P. Bailey, W. M. Hayes, J. D. Tebben, 
Vaughan Reid, D. H. Corey, H. P. Doud 


He 


officers 


then introduced the newly elected 


Exe Committee mem 
National Se: 
pleasure 


and utive 


bers and the retary who ex 


pressed her great at being pres 


ent at this occasion In his masterly 
fashion the Chairman entertained with a 
few stories after which he called upon Mr 
Brendle the newly elected Chairman, to 
say a few words [The remainder of the 
evening was given over to a fine progran 
of entertainment and dancing, which 


Credit for the 
fine and efficient management of the entire 
affair goes to Mr his 
tees This Dinner Dance rounded out one 
of the most 


lasted until after midnight 


Sieger and 


which the 


experienced 


successful seasons 


Detroit Section has 


LOS ANGELES 


A joint with the American 
Society for Metals was held on April 24th 
Dr. V. N. Krivobok of the Lockheed Air 
craft Company gave a lecture on ‘‘Valua 
Alloy in Dr. Krivo 
bok’s lecture covered very thoroughly the 
effect of heat 


treating of steel 


meeting 


tion of Elements.”’ 


alloying elements on the 


) 


There were 250 in at 


tendance at this meeting 
Officers for 1941 


12 were announced at 


+} 


the annual business meeting held in 
June They are Chairman, Tim Gow 
ing, Hobart Brothers Co Vice-Chair 
man, Francis Stevenson, Vega Airplane 
Co.; Sec.-Treas., E. O. Williams, Victor 
Equipment Co.; Executive Committee: 


David Bisbee, Walter 
M R Dougherty, 
Merrill Turner 


Thomas, Roy Tadd, 
Howard Newby, 


MARYLAND 


The following men have been elected 
for the of the Maryland 
Section 12 season Chair 


offices 


1941 


various 
for the 


man, Roy A. Mansfield; Vice-Chairman, 
Bela M. Ronay; Sec.-7reas., Arthur R 
Wynn; Executive Committee: J. C. Cum 
berland, R. Fitzgerald, C. N. Hilbinger 
Van R. P. Saxe, F. J. Aschenbrenner, 
W. M. H. Ballantyne, H. N. Boetcher, 


H. Ross, A. C. Thompson 


MILW AUKEE 


The April 25th Mil 
waukee Section was a joint meeting with 
the Civil Engineers. Mr. Mickey Heath 
of Radio Station WEMP gave an after 
dinner talk on the personnel of the new 
Milwaukee Brewer baseball team 

Mr. Leon C. Bibber, of the Carnegie 
Illinois Steel Corp. presented the welding 


meeting of the 


address on “The Elements of Welded 
Design.”’ 
NEW YORK 

[The New York Section held its last 
meeting of the 1940-41 season on Tues 
day, May 6, 1941, at 7:30 P.M., in Room 


502, Engineering Societies Building, 33 
West 39th Street, New York, N. Y 

The election of the following officers 
for the year 1941-42 was reported 
Chairman, E. V. David, Air Reduction 


THE WELDING JOURNAL 


Sales Ce N. Y First | 
E. A. Kerbey, Midwest Piping 
ply Co., Inc., N Y Se 
C mar Wayne A. Howard 
Vacuum Oil Corp., Brooklyn, N 
ns., George Sykes, Union Car 
N Y fexeculive ( mittee he 
worth, A. K. Lindquist, G. W. | 
F. Randall, G. V. Slottman 
Che Technical Chairman of 
ing was Mr. John J. Crowe, A 
Vice-President and Operating 


Air Reduction, New York, N. Y 


n Asp 


ing 


t he 


Che speaker of the evening wa 
H. Deppeler, Chief Engin 
hermit Corporation, New 
whose topic was Moder 
Thermit Welding.’ Follow 
refreshments were served 


NORTHERN NEW JERSEY 


Dr. Comfort A. Adams 
Budd Manufacturing Com] 
President of the 
POCIETY, gave 


present 


ol 
any 


AMERICAN 
a non-technical talk 


al 


W 


status of welding in indu 


the part the AMERICAN WELDING S$ 
plays in it, at the May 20th meetir 
this Section rhe program cor 
with a social hour and refreshment 
NORTHWEST 

The May meeting of the Nor 
Section was held on the 7th in th 
man Memorial Union, Univer 
Minnesota Mr A F Plant 


President of The Austin Company 
troit, delivered a very enlightening 
on the subject of ‘‘Welding in the | 
and Construction of Industrial Pla: 
Mr Leon C Bibber, Welding 
neer, Carnegie-Illinois Steel Cory] 
tion, spoke at the April 22nd meetu 
[The Elements of Welded D 
Members of the American Society 
Engineers, Minneapolis Engineers ( 
and St. Paul Engineers Club wer« 
to the meeting 
PEORIA 
A dinner meeting of the Peoria S 
was held on May 7th. Mr. W 
Schmitt of the Rock Island Illino1 
nal, spoke on “Arc Welding of M 
Military Equipment.”’ The meetin 


very well attended 


PHILADELPHIA 


Approximately 175 mem 


ber 


j 


ana 


attended the April meeting of tl 


adelphia Section to hear Mr. L 


Production Engineer of 


motive Works, 


Bak 


I 


iwin 


deliver a fine talk on 


Electric Welding of Railway Equip: 


A lively 
subject of locked-up stresse 
The Teller’s 
ction of the 
Arthur J 
Harry W 


discussion center 
Committee 
ele 
man Raymo 


Pierce [re 


Thoma Secretary, K. W 


tit ttee H. R 
inne, M. W. Brewster 
Mr. H. E. Hopkins, 


iry, was presented 


e’cul e { TALL 
Di 
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with 


ed 


aroun 


anoun 


following officers 
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SOUND WELDS 


FOR 


DEEP WELLS 





Welding Monel deep well shutter screens at 


plant of Layne & Bowler, Inc., Memphis, Tenn 




















USE OF 130X MONEL METAL ARC WELDING ROD 
ASSURES SOLID SEAMS THAT RESIST CORROSION 

















Can welds in Monel be made as _ service? Oneof these Monel screens, 
nd and resistant to corrosion as 65 feet in length, was examined INCO WELDING RODS and FLUXES 
the parent metal? Another proof after 11 years’ service under severe MONEL 
that they can is provided by welded ly corrosive conditions. It showed le " a 1G —. Monel ( Welding 
Monel shutter screens used in deep no trace of corrosion and was put M = At i N X Monel Metal A 
il pump installations. back in service. NICKEL 
These screens consist of Monel One point to remember in elec ae -capllne Io sl 
heet formed into a cylinder and _ tric welding of Monel: Use 130X eet Bee M A 
trically seam welded. Horizon- Monel Metal Arc Welding Rod INCONEL 
slits or louvres are then cut For other types of welding use rods ag te a Si Ges We 
1 arched, and the 5 foot lengths recommended in table at right Metal Are . . . N M 
ided together to form screens Helpful information on welding NICKEL-CLAD STEEL 
to 100 feet long. Monel and other high-nickel alloys Metal J Metal Are W 
Do the welds stand up in severe available on request. Writ 
international Wicket Con paeeeime '* THE INTERNATIONAL NICKEL COMPANY, INC. 


Oppiied to a nickel alloy containing approxi 


moteiy two-thirds nickel and one-third copper. 67 WALL STREET NEW YORK, N. 7A 
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and pencil set as a token of the Section’s 
appreciation of his twenty years of con- 
tinued service. 


PITTSBURGH 


The Fourth Annual Tri-State Welding 
Conference held by the Pittsburgh Sec 
tion, Friday, April 18th, demonstrated 
again that these Welding Conferences 
are rapidly becoming recognized as the 
outstanding Technical meetings of the 
year. 

Mr. J. F. Lincoln, President of the 
Lincoln Electric Co., and Mr. J. Lyell 
Wilson of the American Bureau of Ship- 
ping were the afternoon speakers and 
gave most interesting discussions on their 
subjects, ‘“‘Welding Profits vs. Preju 
dice” and ‘‘Welding in the Shipbuilding 
Industry.’”” Both subjects were  illus- 
trated with slides following which the 
meeting was thrown open for discussion 

The Conference, in charge of retiring 
Chairman Geo. F. Wolfe, Dravo Corpora- 
tion, was carried on in his usual capable 
manner. 

Colonel G. F. Jenks, President of the 
AMERICAN WELDING SOCIETY, was in- 
troduced at the Afternoon Session as was 
Mr. Wm. Spraragen, New York Tech- 
nical Secretary, both of whom spoke a 
few works on behalf of the work the 
A. W.S. is doing. 

Preceding the principal talk of the 
evening by Colonel G. F. Jenks, Ordnance 
Department, U. S. A., Chairman William 
Whigham, Jr., of the Engineers Society 
of Western Pennsylvania, with which So- 
ciety this Conference was held jointly, 
gave a talk on coordinating the efforts by 
the many Technical Societies in the Pitts- 
burgh district to the end that fewer and 
better meetings be held in the future. 

The ‘“get-to-gether’’ dinner between 
sessions turned out to be an ‘‘overflow”’ 
affair and it became necessary to find addi- 
tional space for the many who attended 


ROCHESTER 


The May Ist meeting of the Rochester 
Section was one of the best attended 
meetings. Mr. James F. Lincoln, Presi- 
dent of The Lincoln Electric Co., spoke 
on the lively subject of ‘‘Welding Profits 
vs. Prejudice.” 

The annual election of officers was held 
at this meeting and the following elec- 
tions were announced: Chairman, Wm. 
Conley; Vice-Chairman, Robert Cattan- 
ach; Sec.-Treas., P. W. James; Execu- 
tive Committee: W. G. Dick, Paul Eckland, 
E. G. Habel, E. L. Hand, W. J. Schmitt. 


ST. LOUIS 


Mr. E. W. P. Smith, Vice-President of 
The Lincoln Electric Co., was the guest 
speaker at the May 9th meeting. His 
subject was on ‘“‘Welding Costs—Their 
Control and Calculation.”’ 


SAN FRANCISCO 


The regular monthly meeting of this 
Section was held on April 25th. Mr. C. 
E. Grant, Supervisor of Applied Engineer- 
ing Dept., Air Reduction Sales Company, 
showed slides on ‘‘The Oxyacetylene Proc- 


406 








ess in Industry,’’ as it is being used today 
to speed up defense work in shipyards, 
railroad shops and industrial plants, illus 
trating welding, cutting and nicking 


SOUTH TEXAS 


The South Texas Section had a most 
interesting meeting April 25th at the 
Texas State Hotel in Houston, and more 
than one hundred members and guests 
were present. Mr. S. S. Scott, Welding 
Engineer for the Shipbuilding Division 
of Consolidated Steel Corp., Orange, dis- 
cussed ‘‘Welding in Shipbuilding and 
Operation,’’ and presented a high-speed 
motion-picture film showing conditions 
that surround the arc during welding 
operations. The Consolidated Company 
laid the keel of the first of several de- 
stroyers to be built for the Federal Govern- 
ment on May 15th, and approximately 
one thousand welding operators will be 
needed in the plant within the year. 


TULSA 


Mr. C. W. Metzger, of the Haynes 
Stellite Company, Kokomo, Indiana, ad- 
dressed the May 9th meeting of this Sec- 
tion, on the subject ‘“‘Hard Facing’’ with 
two reels of motion pictures, which was 
followed by a round-table discussion 


WASHINGTON 


The last meeting of the Washington 
Section for the year 1940-41 was held on 
April 29, 1941. Approximately 135 mem- 
bers attended the banquet at the Harring- 
ton Hotel, and though the turkey and 
trimmings were of primary interest, the 
group was favored by having the presence 
of a number of past-presidents of the 
national organization, Colonel G. F. Jenks, 
President, and last but not least, officers 
of the Local Section. Bill Spraragen was 
present to represent the New York office, 
and Colonel Jenks acquainted the group 
with activities of the national organiza- 
tion. 

Chairman Trexel introduced the honor 
guests and officers of this Section for the 
year 1941-42, after which Mr. A. G. 
Bissell presented Chairman Trexel with 
his past-chairman’s pin. Mr. R. B. 
Swope, Chairman-Elect for the forthcom- 
ing year, solicited support of the mem- 
bership and guests for the activities of 
next year. Mr. R. F. Wood, Treasurer, 
delivered his annual report which shows 
that the Local Section is well equipped 
financially for continuing a program of 
expansion and interest in welding 

Following the banquet the meeting 
adjourned to the Department of Com- 
merce Auditorium where Mr. W. H. 
Reger entertained with the General Elec- 
tric ‘House of Magic.’’ Mr. L. H. B. Peer 
assisted. About 400 people attended, 
among which were many wives and 
children of welders. 


WESTERN NEW YORK 


This Section met April 18th, in the 
Hotel Buffalo, for the regular April dinner 
and business neeting. 

Mr. H. R. Pufahl of The Linde Air Pro- 
ducts Co. gave a very interesting talk on 
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“Modern Developments in Oxyacety| 
Cutting Machines with Multiple N 
Operation.’’ The preparation 
edges for welding was the main ¢, 
followed by moving pictures showing r 
welding of plates by the Unionm: 


ess 


WICHITA 


Mr. Orville T. Barnett, Metal 
Metal & Thermit Corp., Jersey Cin 
N. J., was the guest speaker at the Ap, 
9th meeting The subject of his talk was 
“Procedure Control of Welding” whic 
was illustrated with slides. Mr. Barnet: 
talk was well received by the mem! 
present 


YORK-CENTRAL PENNSYLVANIA 


The April meeting of the York-Centrg 
Pennsylvania Section was held on the 
Mr. W. B. Lair, Welding Engineer of t 
York Safe and Lock Company, present 
a short talk covering the various weldi; 


1g 














methods; temperatures involved, rate: 
of heating, rates of cooling, et 
was followed by a fifteen minute discus 
sion period, designed especially for opera 
tors, but actually was of much interest t 
the whole group 

Mr. F. G. Outcalt of The Linde Ai 
Products Company addressed the grou; 
on the “‘Unionmelt Welding Proce: 
This talk was illustrated by very 
moving pictures, some of which wer 
shown for the first time. Mr. Outcalt 
talk and subject were most interesting 
and a great deal of discussion followed 

The May meeting was held on th 
The principal speaker, Mr. Howard Miller 
of the Republic Steel Corporation, spok 
on the timely subject of ‘“Welding in Na 
tional Defense.’’ The preliminary talk 
for welding operators was given by Mr 
Eli Anderson of the York Ice Machinery 
Company 


YOUNGSTOWN 


The final meeting of the season was 
held in the Auditorium of the Ohio Edisor 
Building, on May 6th. Report on the 
financial situation of the Section was given 
by the Secretary, which was quite satis 
factory. Report by the Chairman of thi 
Membership Committee was also give! 
and it was found that the growth of th 
Section has been quite rapid. During the 
past season the membership has increased 
by approximately 50%. 

Report on the election of officers was 
given with the following results: Char 
man, Robert Haas, Lincoln Electric 
Vice-Chairman, Robert Poole, Trus¢ 
Steel Co.; Sec.-Treas., E. J. Del Vecchio 
Taylor-Winfield Corp. 

Mr. J. G. Magrath of the Air Reduc 
tion Sales Co. presented a very fine talk 
generously illustrated with slides, on th 
subject of ‘‘Flame Machining.” 

Mr. J. H. Zimmerman of The Lind 
Air Products Company spoke on the 
ject of “Flame Cutting.”” His talk was 
also illustrated with slides. 

Mr. K. F. Shattel of National Cylinder 
Gas Company was the third speaker 
the program. Mr. Shattel spoke on the 
subject of ‘‘Flame Hardening.” 
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TENTATIVE PROGRAM 


TWENTY-SECOND ANNUAL MEETING 
AMERICAN WELDING SOCIETY 
WEEK OF OCTOBER 19, 1941 


Headquarters: BELLEVUE-STRATFORD HOTEL, PHILADELPHIA, PA. 
Make Room Reservations Early—Direct with Bellevue-Stratford Hotel 5 














Stu 
'T 
Arrive Sunday 19th—(Convention Hotel) Rates Apply for Short or Long Stay . 
National Metal Exposition, Commercial Museum—Open Afternoons and - 
Evenings Throughout the Entire Week, Commencing October 20, 1941 
We 
IMPORTANT Sp 
ALL Technical Sessions will positively cussion as soon as possible after the Registration hour throughout 
tart on time meeting week T} 
No Stenotype Reporter—Members di Members and guest are urged to . Bellevue-Stratford Hotel 
siring to discuss papers are urgently REGISTER immediately upon arrival Mlonday, Tuesday and Wedn« aay 
requested to prepare discussion in at A. W. S. HEADQUARTERS and . , 9 A.M. to 5 P 
writing in advance of the meeting and obtain Convention Badge admitting L mUrsSGay 9A M to as I 
to send copies to headquarters as those them to Exposition Mriday 9 A.M. to 12 N 
preparing written discussion will be Commercial Museun 
given preference at the sessions NO REGISTRATION FEE but a Monday, Tuesday and Wednesday 
Members and guests giving extempo charge of $1.00 (per member) and $1.50 12 Noon to 10 P.M 
raneous discussion at meeting should non-member) is made for Technical Thursday 12 Noon to 6 P.M 
forward a written transcript of dis Sessions Paper Friday 1 A.M. to 1OT 
SUNDAY, OCTOBER 19th, 5 to 7 P.M 
PRESIDENT’S RECEPTION 
MONDAY, OCTOBER 20th, Morning 9:30 A.M 


OPENING SESSION 


Co-Chairmen 
G. F. JENKS, President, America 
E. V. DAVID, Chairman, Convent 


PRESENTATION OF MEDALS AND PRIZES 


TECHNICAL SESSION--10:15 A.M 
WELDABILITY OF PLAIN CARBON AND LOW-ALLOY STEELS 


Co-Chairmen 
B. J. FRASER, Chairman, Meeting j 
H. JENNINGS, W Z & M f J 


D 
re 


The Specification of Weldability of Steels 
by A. B. KINZEL, Union Carbide and Carbor 
Weldability Tests of Nickel Steels 


a 7 iNaY 





Weldability of Steels ' 


TL RIT 
KNEE 












OPENING METALS EXPOSITION 


KA A fs nA 


SIMULTANEOUS TECHNICAL SESSIONS 


RESEARCH—NON-FERROUS SHIPBUILDING RAILROAD 


Co-Chairmen Co-Chairmen Co-Chairmer 


Study of the Effect of Core Wire 
Temper on the Quality of Welds in 


Monel. Nickel and Inconel Riveted vs. Welded Galvanized and 
‘KE K.M ICER and T. FE Corrosion Resisting Steel Smoke Welding as Appli L 
N Pipes a‘ deal 


he Flow of Metal in Brazing Alumi- 
The Flow o ee ee Machine Flame Cutting in Ship Con- 


num se struction Some Engineering Observatior 
; E PW NG W A NET Welded Railroad Rolling Stock 
Welding of Copper ; mk 
LT, Survey of Welding and Cutting in Ship site 
Construction Welding Locomotives 
Spot Welding of Nickel and Its Alloys | 7. ’ 
The Contact Resistance of Pure Alu- Welding Applications in Naval Ma- Pressure Butt Welding of Rai 
minum in Resistance Welding _ chinery Rails 
Industrial Research Conference KS, Chairman 
’ 
TUESDAY, OCTOBER 2lst, M 
SIMULTANEOUS TECHNICAL SESSIONS 
FUNDAMENTAL RESEARCH—ARC STUDIES AND TRAINING 
HEAT FLOW 
Co-Chairmen 
Co-Chairmen 
Training of Welding Operat 
Magnetic Arc Blow 
si tae A. W. S. Minimum Requirements for the Trair 
Welding Operators 
Mechanism of Metal Transfer in the Arc 7 . : ' 
Ak N : ieee Briretmen Training Welders for National Defense 
Heat Flow in Arc Welding 
M. MAHLA, M. C. ROWLA) Training of Oxyacetylene Welding and Cutting Operat 


SIMULTANEOUS TECHNICAL SESSIONS 


FUNDAMENTAL RESEARCH— AIRCRAFT AND AUTOMOTIVE STRUCTURAL 
TESTING METHODS Co-Cl 
o- 1airmen 


: Chairmer 
Co-Chairmen 


LARD 


_ Automotive Welding 
Weld Inspection by Means of Infra- M ICI k M 
Red Light a VA N FEGLEY, A k j Structural Welding 









FUNDAMENTAL RESEARCH— 
TESTING METHODS (Continued) 


Evaluating Welded Joints 
by Prof. W. F. HESS, Rensselaer Polytech- 


> Institute 


Methods of Testing Spot Welds 
by R. E. BOWMAN, War Department, Air 


Thermal Gradients in Spot-Welding 


G. V. SLOTTMAN, Air Reduction 


tions 
by BRUCE JOHNSTON and 


Angle Members 


RESISTANCE WELDING 
SYMPOSIUM 


Co-Chairmen 


L, W. CLARK, The Detroit Edison Company 
R. E. POWELL, Western Electric Company 


Structural and Metallurgical Proper- 
ties of Stored Ene 
by G. S. MIKHALAPOV, Taylor Winfield 


Corp. 
Pulsation Welding of Heavy Struc- 


tures 
by O. C. FREDERICK and R. P. McCANTS, 
General Electric Co. 


The Electrical Characteristics of Re- 
sistance Welders and Proximity 
Effect of Magnetic Work Materials 

by J. H. COOPER, Taylor Winfield Corp. 


Power Control 

by H. R. CRAGO, 
pany 

Forging Welding 

by L. M. BENKERT, 


Company 


General Electric Com- 


Progressive Welder 


Spot-Welding Control and Super- 


vision 
by J. R. FETCHER, E. G. Budd Mfg. Co. 


TUESDAY, OCTOBER 2lst, Afternoon (Continued) 


Electrodes by JOHN W. DAW an Rey rtheon Mfg. Structural and Bridge Welding 
by Dr. F. R. HE} NSEL, E. os I = SEN and Ce o., and B. L. WISE, Federal Machine by R. E. SPAULDING, The Ae 
E. F. HOLT, P. R. Mallo & Welder Co. Construction C 
Evening—7:30 P.M. 
Fundamental Research Conference MAN, Chairman, pre 
WEDNESDAY, OCTOBER 22nd, Morning—9:30 A.M. 
SIMULTANEOUS TECHNICAL SESSIONS 
RESEARCH—STRUCTURAL AUTOMOTIVE AND AIRCRAFT 
Co-Chairmen Co-Chairmen 
K. L. HANSEN, Harnischfeger Corporation CARL DeGANAHL, Fleetwing 


Sales Company 
Tests of Miscellaneous Types of Welded Building Connec- 
G. R. DEITS, Lehigh Uni 
An Investigation of Welded Connections for Axially Loaded 

G. J. GIBSON and B. T. WAKE, American Bridge Company by L. P. WOOD, 


SIMULTANEOUS TECHNICAL SESSIONS 


AIRCRAFT AND AUTOMOTIVE 
(Continued) 


STRUCTURAL (Continued 


Design of a Welded Bridge 

Production and Quality Control in by G. T. HORTON, Chicago Bridg: 
Aluminum Alloy Spot Welding Co. 

P. H. MERRIMAN, The Glenn L. Martin 


y Adapting Design and Constructio, 
Company 


Methods to Welding 
by LaMOTTE GROVER, Air 
Sales Company 


Cleveland Liquefied Gas Storay, 
Tanks 

by J. O. JACKSON, Pitts burgh Des M 
Steel Co. 


Development of Welding in Aircraft 
ndustry 
by FRANK SMITH, Stout Skycraft, Inc. 


Condenser Discharge Welding of Alu- 
minum Alloys 


J. D. TEBBEN, P. R. Mallory & C 

eee | in Aircraft Construction and Maintenance 
by A. K. SEEMANN, The Linde Air Products 

versity aanagement Control-of em, and Welding of Aircraft 
by J. P. DO Summerill Tubing Co. 


Stored ey, Resistance Welding as npplies. to Aircraft 
Curtiss-Wright Corp., Airp! ivi 


Wednesday Afternoon—2:00 P.M. 


FUNDAMENTAL RESEARCH— 
METALLURGICAL 


NATIONAL DEFENSE 


Co-Chairmen 
Co-Chairmen 
E. A. DOYLE, The Linde Air 
Company 
ae LOOMIS, Bureau of Ship: 


Department 


H. O. HILL, Bethlehem Steel Company 
MILTON MALE, U. S. Steel Corporation 


of Delaware 


Low Temperature Brazing in Nationa 
Defense Projects 
by LEO EDELSON, Handy & Harmar 


The Effect of Plate Temperature and 
Variable Wind Velocities of Proper- 


ties of Carbon-Steel Metal Arc 
Welds 
by JOHN L. MILLER and E. L. KOEHLER, Billet Cutting for Steel Forgings 
Illinois Institute of Technology by H. E. ROCKEFELLER, The Linde / 
Products Co. 
Welding Aluminum Deoxidized and 
Aluminum-Containing Steels ee Welding for Defense Equip: 


by C. E. SIMS and F. B. DAHLE, Battelle 


Memorial Institute 


by z D THOMAS, JR., Arcos Cor; 


Machine Cutting in National Defense 


ork 
Rk F. HELMKAMP « nd A. A 
ction Sales C omp 


Fabricated Non-Ferrous Electrodes 
for Welding Gray Cast —_ 

by W. A. SPINDLER, University of Michi 
gan ” Air Reduc 


Notch Sensitivity of Welds Under Re- 
peated Loading 


Welding Ordnance a ag ae 
by G. F. JENKS Ordnanc 





by H. L. DAASCH, University of Vermont U.S. Ar 
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THURSDAY, OCTOBER 23rd, Morning—9:30 A.M. 
SIMULTANEOUS TECHNICAL SESSIONS 


: RESISTANCE WELDING MACHINERY 
4 Co-Chairmen Co-Chairmen 
: YRDON, Taylor Winfield Corporation CLM SUFFIE. Gen , 
3 SMITH, National Electric Welding Machines Co. A. J. RAYMO, Baldwin Locomotive Work 
5 The Effect Sf Carbon Steel doyearton osha ont Re- Flame Hardening Internal and External Round Surfaces 
e STEPHEN SMIT Air Red é y 
4 ow BI WENHOVEN, Dean, The Johns Hopkins Univ ad —— TH, A 
3 £V Material 
; Spot- Wet ding Characteristics of ig +a Co. — Uses of Flame- Hardening in Machine- Tool Production 
, AL. HARTLEY K. LeBlond Machine To 
Electrical Measurement of Electrode Pressure and Travel , ~s 
; Duri ng Spot “Tn at ; 
. | L. DANIEL RUNKLE, Rensselaer Polytechni Welding of Cast Steel from Steel Foundryman's View-Point 
3 by T HB TH. Walworth C 
‘ Effect of Contact Resistance in Spot Welding 
3 DER Collece 
Afternoon—2:00 P.M. 
COMMITTEE MEETINGS 
AND 
DISTRICT AND SECTION OFFICERS CONFERENCE 
N » te } Tr 
mber ext 


D KA 
ney } y 


ANNUAL BANQUET 


FRIDAY, OCTOBER 24th, Morning—9:30 A.M. 
SIMULTANEOUS TECHNICAL SESSIONS 


PIPING AND PRESSURE VESSELS WELDING OF HIGH-ALLOY STEELS 
Co-Chairmen Co-Ghatemen 
D. H. COREY, Detroit Edison Company 
R. B. CLEMENTS, The Linde Air Products Co. R. D. THOMAS, Ar 
L. H. CHRISTENSEN, Reid Avery 


Flame Preheating and Stress-Relieving Arc-Welded High- 
Pressure Pipe Lines 


y P. T. ONDERDONK and WERNER PETERSON, Consolidated Hardness Measurements on Rolling Steel That Contained 


Fe de 


Edison Company of New York Welds CIDE Bmetes When! 
Welling Pressure Vessels, Tanks and Heat Exchangers ee a ee ee 
WwRe Os 
oe HI SER, Edge Moor Iron Works The Shotweld Process of — Stainless Steel 
Technique of X-Ray Examination of Heavy Drum Plate y Dr. JOSEPH WINLOCK and icKINNEY, E. G. Budd Manu 
by R. CARPENTER, Babcock and Wilcox Company facturing Company 
BUSINESS MEETING—-11:30 A.M 
Chairman >. F. JENKS 
President, American Welding S 
ual Report of the President Election and Installat f 1941-4: 


Board of Directors’ Luncheon Meeting 


4\1 





Sec tiONS—CHAIRMEN, SECRETARIES AND REGULAR MEETING DATES 


3rd Fri. 


rinscey, U. S. Pipe 


BIRMINGHAM 
CHAIRMAN—C. R 
& Foundry Co., Bessemer, Ala 
SBCRBETARY-TRBAS.—W. L. Poo.e, Air 
Reduction Sales Company, 2825 No. 
29th Ave., Birmingham, Ala 
BOSTON 2nd Mon. 
CHAIRMAN—P. L. P. FeyLinc, White 
head Metal Products Co., Inc., Cam 
bridge, Mass. 
SECRETARY—P. N. Ruoao, 8 Eastern 
Ave., Wakefield, Mass. 
CANAL ZONE Ist Tues. 
CHAIRMAN-—R. E. Houiick, Box 1146, 
Ancon, Canal] Zone 
SECRETARY-TREAS.—] AMES G. MURRAY, 
P. O. Box 623, Diablo Hts., Canal 
Zone 
CHATTANOOGA, TENN. lst Wed. 
CHAIRMAN——Mark Ho tt, Chattanooga 
Welding & Machine Co., Chatta 
nooga, Tenn 
SECRETARY—M. T. GLENN, 242 Oak 
Stree * Chattanooga, lenn 
CHICAGO 3rd Fri. 
CHAIRMAN—A. M. UNGER, Pullman 
Standard Car Mfg. Co., Chicago, III 
SECRETARY—M. S. HENDRICKS, Weld- 
ing Engineer, Room 731, 506 South 
Wabash Avenue 
CINCINNATI, OHIO 
CHAIRMAN—Eric O’HaraA, Cincinnati 
Gas & Elect. Co., Cincinnati, Ohio 
SECRETARY—R. G. FuGare, Williams & 
Co., Inc., Cincinnati, Ohio 
CLEVELAND 2nd Wed. 
CHAIRMAN—J. F. MAaINne, Republic 
Structural Iron Works, Cleveland, 
Ohio 
SECRETARY-TREAS.—A. LESLIB PFBIL, 
Universal Power Corporation, Cleve- 
land, Ohio 
COLORADO 3rd Wed. 
CHAIRMAN—J. H. JOHNSON, Johnson 
Supply Co., Denver, Colo 
SECRETARY-TREAS.—H. W. CREAGER, 
Hendrie & Bolthoff Mfg. & Supply 
Co., Denver, Colo 
COLUMBUS, OHIO 2nd Fri. 
CHAIRMAN—J. A. Foust, Ohio State 
University, Columbus, Ohio 
SECRETARY—G. S. HERREN, The Sea 
grave Corp., Columbus, Ohio 
CONNECTICUT lst Tues. 
CHAIRMAN—J. S. MILLER, New York, 
New Haven & Hartford R. R., New 
Haven, Conn. 
SECRETARY—B. H 
Elec. Steel Co., 
Hartford, Conn 
DETROIT 


PERRY, Hartford 
540 Flatbush Ave., 


Ist or 2nd Fri. 
CHAIRMAN—R Ww BRENDLE, Great 
Lakes Eng. Co., River Rouge, Mich 
SECRETARY—G. N. Sigcer, S. M. S 
Corp., 1165 Harper Ave 
Mich 
GEORGIA Ist Fri. 
CHAIRMAN—RALEIGH DRENNON, 357 W 
Peachtree St. N. E., Atlanta, Ga 
SECRETARY—EDWARD GUILLOTT, 282 
Spring St. N. W., Atlanta, Ga 
HAWAII Last Thurs. 
CHAIRMAN—RoBertT A. PLaus, W. A 
Ramsay, Ltd., Honolulu, T. H 
SECRETARY—ALAN G. SLipper, Hawai- 
ian Gas Products Co., P. O. Box 2454, 
Honolulu, T. H 


INDIANA 


CHAIRMAN 


Detroit, 


WAYNE H 


McGuape, J 
D. Adams Mfg. Co., Indianapolis, Ind 


SECRETARY—E. F. Gityveart, Jr., J. D. 
Adams Mfg. Co., 217 So. Belmont 
Ave., Indianapolis, Ind 


KANSAS CITY, MO. 3rd Mon. 
CHAIRMAN—N.ASHTON, Howard, Needles 
Tammen, & Bergendoff Kansas City, 
Mo 
SECRETARY L. Morcan, 18 W. 59 St 
Kansas City, Mo 


LAKE SHORE 
CHAIRMAN—A. W. WIEMANN, Armour 
Leather Co. Sheboygan, Wis 
SECRETARY—R. E. Kino, 1308-A Ham 
ilton St. Manitowoc, Wis 


LOS ANGELES 3rd Thurs. 
CHAIRMAN—]J c GowI1nc, Hobart 
srothers Co., 1708 So. Soto St., Los 
Angeles, Calif 
SECRETARY—E. O. WILLIAMS, Victor 
Equipment Co., Los Angeles, Calif 


LOUISIANA 


New officers not vet selected 


MARYLAND 3rd Fri. except April 
CHAIRMAN—R. A. MANSFIELD, South- 
ern Oxygen Co., Baltimore, Md 
SECRETARY-TREAS ARTHUR WYNN, 15 
No. Hill Road, Baltimore, Md 


MILWAUKEE 3rd. Fri. 
CHAIRMAN—R. E. Boeck, 3889 N. 4th 
St., Milwaukee, Wis 
SECRETARY—GILBERT F. MEYER, Ma- 
chinery & Welder Corp., Milwaukee 
Wis 


NEW YORK 2nd Tues. except when 
Joint Meeting is held 
CHAIRMAN—E. V. Davin, Air Redu 
tion Sales Co., 60 E. 42nd St., N. ¥.C 
SECRETARY—GEORGI SYKES, Union 
Carbide Co., 30 E. 42nd St., N. Y. C. 


NORTHWEST 3rd Wed. 
CHAIRMAN—T. P. HuGHEs, University 
of Minn., Minneapolis, Minn. 
SECRETARY—ALEXIS CASWELL, Manu- 
facturers’ Assoc. of Minn.,200 Builders 
Exchange Bldg., Minneapolis, Minn 


NORTHERN NEW JERSEY 
CHAIRMAN—F. C. Fyke, Standard Oil 
Development Co., Elizabeth, N. J. 
SECRETARY—H. S. Carp, 449 Elmora 
Ave “ Elizabeth, N J 


NORTHERN N. Y. Last Thurs. 
CHAIRMAN—W. C. Hurtcuins, General 

Electric Co., Schenectady, N. Y 
SECRETARY—W. W. CHURCHILL, Gen 
eral Electric Co., Schenectady, N. Y 


OKLAHOMA CITY Ist Fri. 
CHAIRMAN—C. C. Wituts, Oklahoma 
Gas & Electric Co., Oklahoma City, 
Okla 
SECRETARY— Win. T. TIFFIN, University 
of Oklahoma, Norman, Okla 


PEORIA—CENTRAL ILLINOIS 
CHAIRMAN—WALTER J. BROOKING, R 
G. Le Tourneau_ Inc., Peoria, Ill 
SECRETARY—ALBERT A LoscnHh, R. G 
Le Tourneau, Inc., Peoria, Ill 


PHILADELPHIA 3rd Mon 
CHAIRMAN—A. J. RAyNo, Baldwin Loco- 
motive Wks., Philadelphia, Pa. 
SECRETARY—K. W Ostrom, Arcos 
Corp., 401 N. Broad St., Phila., Pa 


PITTSBURGH Middle Wed. 
CHAIRMAN—G. F. Wo.Fg, Dravo Corp., 
Engineering Wks. Div., Pittsburgh, Pa. 


Ist Fri. 


412 


SECRETARY—J. F. MINNotTs, M 

Bros., 1201 House Bldg., Pit 
PUGET SOUND 

CHAIRMAN—G. M. McBripe. A 
duction Sales Co., 3623 East M 
Way, Seattle, Washington 

SECRETARY-TRBAS.—R.S. Russet 
draulic Supply Co., 7500—st} 
South, Seattle, Wash 


QUAD CITIES 
CHAIRMAN—A. R. GUSTAFSON, 84 
Third Ave., Moline, Illinois 
SECRETARY—J. W. SuHucars, Lincoln 
Elec. Co., Moline, Illinois 


ROCHESTER, N. Y. Ist Thurs. 
CHAIRMAN—WwmM. CONLEY, U1 f 
Rochester, River Campus, Ro 
N.Y 
SECRETARY—PAvUL W 
Electric Co ; 65 
Roe heste r. N Y 


SAN FRANCISCO Last Fri 
CHAIRMAN—H CHANEY, Beth! 
Steel Co., San Francisco, Calif 
SBCRETARY—J. G. BOLLINGER, Air Re 
duction Sales, Park & Halleck Sts 
Emeryville, Calif 


SAN JOAQUIN VALLEY 
CHAIRMAN—G. D. ATMorE, 401 Santa 
Barbara St., Santa Paula, Calif 
SECRETARY—H. S. Nix, Taft Union 
H. S. & Jr. College, Box 1364, Taft 

Calif 


ST. LOUIS 2nd Fri. 
CHAIRMAN—L,. H. Dopp, American Inst 
of Steel Const., 1405 Paul Brow: 
Bldg., St. Louis, Mo. 
SECRETARY—M. B. ScIo_eticn, Con 
bustion Engrg. Co.,- Heine |! 
Div., St. Louis, Mo 


SOUTH TEXAS 
CHAIRMAN—G. W. Woops, Hug 
Co., Houston, Texas 
SECRETARY—W. H. GREER, Bo 
Houston, Texas 


TULSA, OKLAHOMA 
CHAIRMAN—F A HOFFMAN, 
Boiler & Mach. Co., Tulsa, Okla 
SECRETARY—JAMES B. DAvISs, 
resting Labs., Tulsa, Okla 


WASHINGTON, D. C. 2 
CHAIRMAN—B B 
Oxygen Co., Arlington, Va 
SECRETARY—E. BROOKER, 129 dSoutl 
Buchanan St., Arlington, Va 


WESTERN NEW YORK Last Mon. 
CHAIRMAN—G. M. Trerrts, III, Farrar 
& Trefts, Inc., Buffalo, N. Y 
SECRETARY—D. W. PATTERSON, Federal 
Mach. & Welder Co., Buffalo, N. Y 


WICHITA, KANSAS 
CHAIRMAN—H CHRISTOPHER, 22 
Blane St., Wichita, Kans 
SECRBETARY-TRBAS.—K. O. HOUSER 
Kansas Gas & Electric Co., Wichita 
Kansas 


YORK—CENTRAL PENNA. 
CHAIRMAN—E, J. Brapy, Alloy R 
Corp - 501 Prospect a York, Pen 
SECRETARY—C. B. Herrick, 628 °* 
Pershing Ave., York, Pa 


YOUNGSTOWN (OHIO) 2nd Mon 
CHAIRMAN—ROBERT E. Haas, P. O 
1350, Warren, Ohio 
SECRETARY-TREAS.—E. J. DEL VEC« 
Taylor-Winfield Corp., Warren, ‘ 


JAMEs, Lit 
Lancast 


SWOP! 





